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Editor 
Ray Osterwald, NODMS 


Editor Emeritus 
Barry R. Wiseman, N6CSW 

Electric Radio™ is all about the restoration, maintenance, and 
continued use of vintage radio equipment. Founded in May of 1989 
by Barry Wiseman (N6CSW), the magazine continues publication 
for those who appreciate the value of operating vintage equipment 
and the rich history of radio. It is hoped that the magazine will 
provide inspiration and encouragement to collectors, restorers 
and builders. It is dedicated to the generations of radio amateurs, 
experimenters, and engineers who have preceded us, without 
whom many features of life, now taken for granted, would not be 
possible. 

We depend on our readers to supply material and photos for 
ER. Our subscriber’s primary interest is in articles that pertain to 
vintage equipment and operating with a primary emphasis on 
AM, but articles on CW, SSB, and shortwave listening are also 
needed. Photos of hams in their radio shacks are always appreci- 
ated. We invite those interested in writing for ER to write, email, 


or call. 
Regular contributors include: 


Tom Marcellino (W3BYM), David Ishmael (WA6VVL), Gary Halverson 
(K6GLH), Larry Will (W3LW), D.S. “Jeep” Platt (K3HVG), Joe Long 
(WA2EJT), Jeff Covelli (WA8SAJ), Phillip Legate (ACQOB), Mike Bittner 
(W6MAB), Mike Murphy (WU2D), George Misic (KE8RN), Jim Hanlon 
(W8KGI), David Kuraner (K2DK), Jim Riff (K7SC), Dave Gordon-Smith 
(G3UUR) 


Editor’s Comments 


Christmas Time and New Year’s Day 

I hope all Electric Radio readers will enjoya 
nice Christmas season and the New Year’s Day 
will bring lots of opportunities for radio 
activities around the shack. 


We havea fine series of articles to finish year 
2016, the 27th year of publication for ER. 
With all of the renewed interest in vintage 
single-sideband equipment, I was especially 
glad to be able to present Keith Kunde’s article 
on the Elecraft 2-tone test generator. 2-tone 
testing is the best method to assure proper 
operation of these transmitters, which can 
sound really nice when they are properly 
restored and aligned. Also, Bob Nickels’ 
(W9ORAN) article on correct procedures for 
powering up equipment that hasn’t been used 
in years should fill several requests I’ve had for 
such information. Bob has two more articles 
that will appear in succession, starting with 
the January 2017 edition. 
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By Jeff Covelli, WA8SAJ 
5368 Melody Lane 
Willoughby, OH 44094 


wa8saj@ncweb.com 


During the late 1960s, ham radio 
manufacturers were very successful in 
producing the multiband transceiver 
including Swan Electronics. Then all of a 
sudden, in early 1971, Swan decided to 
join Collins, Drake, Heathkit, and 
Hallicrafters to produce a separate receiver/ 
transmitter and named them the “Swan 
Twins” (Figure 1). Actually, the model 
designators were the “600-T transmitter” 
and “GO0-R receiver;” there was also the 
600-R “Custom” with more options. I can 
only guess Swan thought that having 
separate radios could bring in more business 
and offer a more diverse radio for the ham 
operator to enjoy. The Swan Twins did 
accomplish this by having the 600-R 
receiver work with the matching 600-T 


THE SWAN TWINS 


The remarkable success of the Swan transceivers has been 
based on our continuing policy of giving the amateur radio op- 
erator the best possible-equipment at the lowest possible price. 
This is called ‘Value Engineering.”’ 

Now we at Swan have applied “Value Engineering”’ principles 
to the fabulous Swan Twins, and the results are truly remarkable. 
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transmitter, but it could also be used with 
their later transceivers (SO00C, 500CX, 
700CX, etc.) and offered a more selective 
receiver with options the transceivers could — 
not do by themselves, plus offering 
transceive functions using the 600-R 
receiver. ' 
Overview 

In figure 2 the first thing you notice 
about the Twins is how they are much 
larger in size compared to the Swan 
transceivers of the past. [he dimensions are 
15" wide x 6.5" high x 12" deep and each 
more than 1 to 2 inches larger in all 
directions. The weight for the 600-R is 23 
pounds and 600-T is 32 pounds. The 
main reason for the larger cabinet size is the 
power supplies are built-in for each unit; 
this makes it nice because there are no extra 
large cables hanging off the back of the 
radios. Another reason is the larger VFO 
compartment, and they certainly look great 


with the wider tuning dial. The larger VFO 


THE ULTIMATE IN VALUE ENGINEERING! 


With their superd selectivity, precision tuning, wide versatility, 
and natural voice sound. the Swan 600T and 600R offer you the 
complete amateur station, with more operating pleasure per dol- 
lar than any other equipment on the market, at any price. 

We invite your comparison, and believe that you too will agree 
... the Swan Twins are truly the ultimate in ‘‘Value Engineering.” 
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VFO Range 


"80 Meters 3.4 - 4.4 MHz 


40 Meters _6.7 - 7.7 MHz pte AMMEN 2.24132 DEE 2 elislud ive! 


8.3 - 9.3 MHz 


8.9 - 9.9 MHz 


15.4 - 16.4 MHz 


50 Meters 13.8 -14.8 MHz 


15 Meters 20.9 - 21.9 MHz 
10 Meters 27.5 - 30.0 MHz 


22.0 - 24.5 MHz 


Table 1 


compartment was made this way so youcan 
cover more than the standard 0 to 500 kHz 
band width tuning range. The main tuning 
dial covers 200 kHz at one time in 2 kHz 
steps so the analog calibration is spread out 
more than the old Swan VFOs were. The 
tuning ratios are 36:1 for slow fine tuning 
with the new larger knob and 6:1 for fast 
QSYéing up and down the band, using the 
large silver outside knob. The small dial on 
the left has a 6:1 tuning ratio and provides 
for course tuning in 100 kHz calibration 
points (variable), that you add or subtract 
from the band switch indications to see 
where you are on the main dial. The 10- 
meter band is the only band that has the 5 
kHz steps on the main dial, but it does track 
very well, as does the standard 2 kHz dial 
calibration mentioned above. I added a 
digital readout that makes it much easier to 
see. Swan also offered a DD-76 digital LED 
readout as an option. There is a 400 kHz 
over lap on each side of the selected bands, 
so MARS coverage is asnap. (See Table 1, 
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above.) Swan provided an optional external 
VEO, Model-330, for general coverage 
from 3 to 30 MHz. There are two matching 
5x7” speakers in each cabinet that each 
sound very well. The deluxe speaker has a 
phone patch. The standard speaker does 
nota phone patch, but both do havea tone 
switch that is handy for heavy noise 
conditions. 

The operating modes for the Twins are 
SSB/CW and AM with the transmitter 
generating AM by unbalancing the carrier 
and modulating one sideband. 

Circuit Description 

The Swan Twins use the same single 
conversion scheme as the later Swan 
transceivers with an IF frequency of 5.5 
MHz, this lets the GOOR receiver to be used 
with most of the later transceivers having 
the same 5.5 MHz IF and enabling 
transceiving and split operation, plus the 
features of a separate receiver including 
CW and AM filters, audio notch and 


peaking filters, a two-level noise blanker, 
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and general coverage using the Model 330 
VFO -— if one can be found today. 

In figures 3 and 4, the 600-R receiver 
uses 7 tubes and many solid-state devices 
that were starting to be employed in the 
‘70s for the newer gear. The RF amplifier 
isa 6BZ6, drivinga6BZ6 mixer. The VFO 
is solid-state with a pair of 2N706s 
transistors going through an isolation 
amplifier to drive the receiver mixer (6BZ6), 


then into a pair of 12BA6 IF amplifiers. 
The product detector/first audio amplifier 
is a 12AX7, which then drives a 12AQ5 
audio amplifier to deliver 3 watts of audio 
power. The updated 600-R “Custom” uses 
a special integrated circuit (IC) (that was 
new at that time) for the audio notch and 
audio peaking filters and it works great. 
The notch filter is about 50 to 60 dB deep 
and very effective. The audio peak filter is 


_ 4-kHz 
A.M. Filter 


SS-16B 16-Pole| 
SSB Filter 
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very narrow — about 400 Hz for CW! 

The AGC is developed bya 12AV6 and, 
as Swan has done in the past, uses audio vs. 
IF-derived AGC taken off the 12AX7 
preamp, but in this case AGC does not 
pump as in the past with much better 
recovered audio as compared to Swan 
transceivers of the past. The AGC is sent to 
the grids of both 12BA6 IF stages and the 
6BZ6 RF amplifier providing plenty of 
good negative voltage to control the high 
gain from all of these stages. There is a slow 
and fast AGC switch on the front panel, 
that can be turned off if you want to ride 
the RF gain control as some hamslike to do. 
Swan incorporated a new 25 and 100 kHz 
solid-state crystal calibrator for checking 
frequency calibration. 

Swan's single-conversion design 
provided less spurious responses than multi- 
conversions designs by others, in other 
words, no “birdies” on all bands. The 
standard SSB filter is centered at 5.5 MHz 
providing a 2.7 kHz wide response at the 
6 dB points having a very good shape factor 
of 1.7:1, with good rejection down to 100 
dB, plus there was an optional 1 6-pole (SS- 
16B) SSB 2.7 kHz wide filter available 
with a better shape factor of 1.28:1 with 
rejection down to 140 dB! Both filters are 
good for QRM on the crowded phone 
bands and not too bad for AM if you tune 
slightly either side of the center frequency. 
There was also an optional 600 Hz CW 


filter that Swan used in series with the SSB 
filter that was not common practice by 
other manufactures. I found this did not 
work for me when I tried to install an extra 
AM filter using the CW slot, as will be 
explained later. When the optional SS-16B 
filter is installed by the factory, there is a 
metal plate mounted on the front panel, 
just under the main tuning dial, to indicate 
that it was factory-installed. 

In figures 5 and 6, the 600-T transmitter 
uses 7 tubes with many solid-state devices, 
as in the receiver. The audio amplifier is a 
12AX7 driving a 6JH8 balanced 
modulator, through the SSB filter, then to 
a 12BA6 IF amplifier at 5.5 MHz. The 
VFO is solid-state, like the GO0-R with a 
pair of 2N706s and then amplified by a 
12BZ6. The 12BZ6 is needed to drive the 
12BE6 transmit mixer. Signal then goes to 
the 6GK6 driver to excite a pair of 6KD6 
final sweep tubes, developing up to 350 
watts peak output on SSB/CW, making 
most hams happy without needing an 
amplifier. Figure 7 shows that there is also 
a OFG6 blue tuning eye tube mounted on 
the front panel, to be used for peaking up 
the transmitter while at the same time 
looking at the plate current meter. Whata 
great idea, plus it looks cool. 

The ALC is a standard system of two 
diodes in a voltage-doubling configuration 
taken off the 6GK6 driver output to 
provide negative feedback for the grid of 


— 
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Figure 5 
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output peaks controlled. Another nice 
feature Swan came up with isa front-panel 
switch to select high/low power that drops 
the screen voltage on the 6KD6 finals by 
about 50 volts. That reduces power output 
almost in half. This is probably a good idea, 
since the high voltage from the built in 
supply is at 900-volts DC. Swan develops 
their plate high voltage for the finals with 
the screen-power supply in series with the 
plate supply to make those large claims of 


Figure? 
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high peak power —and in this case, for the 


600-T, it is 600 watts “input power.” 

There is an optional VOX unit, Model 
VX-2, that plugs on the back panel ifVOX 
is needed and it can be engaged froma front 
panel switch. 

Swan uses only the VFO for main 
frequency generation for all the bands 
selected, so there are no crystals used. You 
might say Swan is “drifty,” but in this case 
Swan had a handle on this problem as I 
found that with the digital readout attached 
it has no more than 100 
Hz drift after an hour of 
warm-up time for both 
units. 

The band switches are 
rock solid (straight 
through, not daisy 
chained as in their 
transceivers), and this may 
have helped compared to 
the older Swans that had 
some bandswitch 
problems that caused drift 
and VFO “jumping,” 
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depending on the band used. For each 
band the VFO used there is a different 
range of frequencies (See Table 1). The 
transceive function is like the Drake 4-Line 
gear, with either VFO being used for 
transceive or separate operation. I like this 
especially for DX’ing because I can listen to 
the DX station on one VFO and transmit 
ona different frequency on the other VFO 
— or switch it around. 

In the GOO-R receiver there are transistors 
that are used for isolation when the VFOs 
are selected from the front panel, preventing 
them from interacting with each other. 
There is asynchronizing function provided 
to make sure you are transceiving on 
frequency. Swan always made sideband 
selection normal for the band used, suchas 
lower sideband for 80 and 40 meters and 
upper sideband for 20, 15 and 10 meters. 
The opposite sideband could be selected if 
you wanted to change it. 

My Acquisition 

I passed up the Swan Twins many times 
at hamfests and never thought much of 
them until I had one on the service bench 
for a friend and thought the receiver was 
certainly worth looking into. With only a 
few hundred produced, the chances of 
getting a hold ofa pair was rare, plus for the 
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Figure 8 
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600-R Custom receiver, there were only 
200 or so made. Mine included the optional 
16-pole super-selective SSB filter installed 
by the factory— wow, what a find! Well, I 
have to thank Evan (K8ELD) for acquiring 
them; including travelling a well-worth-it 
eight hour drive to pick them up. Both 
radios were not originally sold together so 
there was some work that was needed to get 
them going. The 600-T, especially, needed 
work. The transmitter was produced in 
May 1971 with very low power output. 
The 600-R “Custom” was produced in 
May 1972 and was like-new in all respects, 
minus the AM filters, but the 600-T 
needed plenty of rewiring in the 6JH8 
modulator stage that caused the low power 
output. I rewired the transmitter to factory 
specifications that brought it back to life 
and installed a new pair of Sylvania 6KD6 
finals. I did a full alignment including 
sweeping the SSB filter and it all went very 
well. | wanted to mount a fan to cool the 
final tubes, and for some reason Swan did 
not make room, or have perforations on the 
back of the PA cage, so I use a muffin fan 
on top of the perforated cabinet to keep the 
finals cool and it works fine. 

The 600-T transmitter will generate AM 
by unbalancing the carrier and will send 
transmit audio through 
the sideband filter, but 
the audio is very limited 
in response. I wanted to 
see if | could bypass the 
sideband filter when 
using AM for better 
audio response. Not 
wanting to drill any 
holes, the front panel 
had a CW key jack 
handy. I don’t operate 
CW much, so I removed 


A.M. "WIDE" 1 F ° . . 
FILTER itand taped it up inside. 


In Figure 8, now I had 
ahole to mountasmall 
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toggle switch that 
selects a small relay near 
the SSB -frleér that 
bypasses the 5.5 MHz 
SSB IF filter with a 
-OlpF capacitor and 
boy does it work great; 
see the sweep on 
transmit compared to 
the SSB filter (Figure 
9). I get excellent audio 
reports using a D-104 
after doing the filter 
bypass mod. The 600- 


93! 
T can only run about | 


50 watts steady-state 
carrier safely on AM 
with plate current 
around 200 mA. This 
is like running my old 
Johnson Rangeron AM 
but with just a few 
controls and is much 
smaller. Along with the 
600-R receiver, it’s 
perfect for AM—whata 
combo! 

The 600-R receiver 
aligned very well using 
the sweep/tracking 
generator (Figures 10 
and 11). I was able to 
see how good the 16- 
pole SSB filter was along 
with my home made 
AM 4-kHz filter 
(Figure 12), along with 
a Swan 4 kHz and 6 
kHz filter. I operate 
plenty of AM so I 
wanted to install a 
couple of wider AM 
filters in the 600-R 


Top: Figure 9 
Center: Figure 10 
Bottom: Figure 11 
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receiver and | started by making my own 
filters using a mix of 5.5 MHz crystals in 
series with capacitors to ground after each 
crystal and this worked for a while until I 
acquired an original 4 kHzand6 kHz filter 
that were used in the Swan / Slitronix 10 
and 1 1-meter radios. These worked much 
better than my home made ones did, see 
figure 9. As mentioned before, I rewired 
the filter switch so I could use the 4 kHz 
filter in the CW slot, along with the 6 kHz 
AM filter in the normal slot. Now I have 
both filters to select from, making AM 
operation very nice. In Figure 13 I relabeled 
both front panels using a Brother “P- 
Touch” label maker. 
Final Thoughts 
After writing about the Swan 140 in ER 
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Figure 12 


#319, December 2015, I thought this 
might be a good time to set up a Swan 
Operating area after getting the Twins 
running. Herel am, enj oying some of these 
great Made-In-USA radios for SSB and AM 
without breaking the bank and just having 
fun! In figure 2, the handmade John Linton 
(W8DKI) Swan 140 is on the top left, 
Swan 500CX (Circa 1969) top right and 
the Twins are on the bottom along witha 
Swan WM-1500 watt meter I just acquired, 
to top it off. So, when you re at a hamfest, 
looking around, and see a pair of Swan 
“Twins” think about how nice it would to 
have a pair looking at you saying, “lets 
operate!” 


ER 
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A Systematic Approach to Powering-Up 


By Robert Nickels, W9RAN 
2645 East Drive 
Freeport, IL 61032 


ranickels@gmail.com 


Whether it’s boatanchors, broadcast 
radios, or hi-fi/guitar amplifiers, one thing 
all restorers of vintage electronics can agree 
on is “premium non nocere” — a Latin 
phrase that means “first, do no harm.” 
Unfortunately, many beginners have to 
learn this lesson the hard (and expensive) 
way. 
It would help if we’d postpone the thrill 
of bringing new treasure to life for the first 
time and view it like a “black box,” 
considering all the possible ways that harm 
could be done. For example, we know that 
anything using vacuum tubes is going to 
have a B+ power supply, and that the 
electrolytic capacitors most often used for 
filtering don’t last forever. Some advocate 
just replacing all old caps right off the bat, 
but there are other potential failure modes 
to consider as well. 

Transformers haven’t changed in 
principle since they were invented; their 
work is still done by iron, copper, and 
paper. Even though modern insulating 
materials have greater stability over time, 
the vast majority of transformers used in 
vintage electronics rely on “fish paper,” a 
tough form of paper, to which mica has 


been added to improve its dielectric 


properties. But fish paper is hygroscopic (it 
absorbs water) and even the highest quality 
“transformer board” has limited life .(As we 
often discover when the lights go out for 
hours ata time.) Replacement transformers 
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are typically not available at any price, and 
rewinding a failed transformer is expensive. 

Tube type rectifiers, especially the 
mercury vapor types used in some 
transmitters and amplifiers, can fail in ways 
that put short circuits or heavy loads across 
these aged transformers. Adding to the 
potential for catastrophe is improper fusing 
(or the lack thereof) and undiagnosed shorts 
on secondary circuits that overstress 
components that may already be a half- 
century old. 

Probably the most famous quotation 
from the “Pogo” comic strip is “We have 
met the enemy and he is us.” This applies 
to vintage electronics too because of the 
amount of bad or questionable advice that 
is often passed along and followed as gospel. 
My favorite example is the suggestion to 
“bring it up slowly ona Variac.” A Variac 
is a useful tool, but like all tools must be 
used properly. 

Let’s pause a bit to acknowledge legal 
propriety: In 1934, General Radio obtained 
a U.S. trademark on the name “Variac” to 
describe its line of variable autotransformers 
that provided a convenient means of varying 
the output voltage for a steady AC input 
voltage. Over the years, General Radio 
became “GenRad” and ended up as a 
producer of automatic test equipment that 
was absorbed into Teradyne in 2001. Even 
though “Variac” is broadly used to describe 
AC autotransformers, Instrument Service 
Equipment of Maumee, OH applied for 
and obtained the Variac trademark in 
2004. For more information see: http:// 
Variac.com/. 

A Variac (and similar devices) is an 
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Figure 1: Autotransformers provide variable voltage, but not isolation. 


autotransformer, which has only a single 
winding rather than a primary and a 
secondary. Varying the position of a 
movable contact changes the amount of 
voltage by essentially moving the “tap” in 
the same way that many of us remember 
doing on our first crystal radio sets: 

It’s important to remember that an 
autotransformer does NOT provide 
isolation, as is needed when working with 
“hot chassis” type radios, such as the All 
American 5 or S-38. 

Variacs haven’t changed much over the 
years, either. A dial scale provides a rough 
indication of the output voltage, and while 
a few new versions include digital displays, 
many users have added analog metering of 
their own to provide greater accuracy. 
Packaged, adjustable AC sources have been 
sold by anumber of companies, including 
Heathkit, Eico, and the ubiquitous 
“LabVolt” that many of us remember from 
school, but built-in metering is typically of 
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low accuracy. 

Even accurately knowing how much 
voltage is coming out of the Variac isn’t 
sufficient to use one properly. To 
understand why we need to consider what 
happens when we apply AC power to our 
“black box” piece of equipment for the first 
time. 


Figure 2: A simple enclosed Variac is a 
common type ofautotransformer. 


December 2016 tit 


So, let’s follow that popular advice and 
start “bringing it up slow.” The device 
under test will start drawing current, which 


is good, — otherwise we'd have more 


troubleshooting to do. But maybe it will 
suddenly drawa LOT of current, as would 
happen if a short were present. We'll find 
out about that if the fuse blows before 
telltale odors reach our nose. And how 
“slow” is slow, anyway? How do we know 
ifwe’re bringing it up right? Maybe there's 
more to this than meets the eye. 

Let’s consider a typical piece of newly- 
acquired boatanchor gear, where the 
electrical condition is unknown. If just 
bringing power up slowly isn’t enough, 
what more should be done? 

Based on my own experience, plus what 
I’ve learned from a many other experienced 
restorers, I've put my own “Vintage 
Electronic Checklist” together to remind 
me of all the things I should be checking 
before first applying AC power. 

First, let’s consider the B+ supply. It’s 
safest to proceed as if the electrolytic 
capacitors used as power supply filters are 
going to need to be reformed. Reforming is 
not just a poor substitute for outright 
replacing capacitors, although that is 
sometimes necessary. The electrochemical 
design of an electrolytic requires that the 
dielectric layer be “formed” during 
manufacture, and “reformed” if the 
equipment has not been used for a time. 
The insulating layer (dielectric) of an 
electrolytic capacitor can degrade over a 
period of time if the capacitor hasn’t had 
power applied — even if it’s just sitting on 
the shelf. The effect is that the maximum 
voltage rating of the capacitor 1s reduced, 
and if the full rated voltage is suddenly 
applied, the insulating layer will likely 
break down, resulting in failure. This is not 


unique to vintage gear —in fact, one major 
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manufacturer of power equipment used on 
wind and solar power systems requires 
capacitors be reformed if the equipment 
has been out of service for a period of just 
one year. A great reference (Footnote 1) 
that dates back to 1945 still applies today, 
and describes the process in much more 
detail. Many other resources can be found 
on on-line (Footnote 2, for example). 

Second, there’s the power transformer to. 
consider. Using a Variac to apply voltage 
gently helps avoid sudden electrical stresses 
that could lead to catastrophic failure, such 
as breakdown of transformer insulation, or 
avoidable damage caused by “downstream” 
weaknesses that may exist. Monitoring 
current consumption as the AC voltage is 
increased is helpful, since variations or 
“spikes” are usually a sign of some incipient 
failure. It’s is also smart to have the ability 
to limit the AC line current to a safe value 
for initial testing. 

Now that we know what we're looking 
for — let’s go back to our unknown 
boatanchor and start bringing it up slowly 
with the Variac. 

Assuming things are nominal, the 
filaments and lamps will start drawing 
current right away. The high voltage B+ 
supply may too, if it’s got solid state 
rectifiers. But tube-type rectifiers won't 
begin making B+ until sufficient voltage is 
present to heat the rectifier filaments and 
start the flow of electrons, and this will not 
happen inalinear way. To illustrate this, I 
measured the B+ voltage from a National 
HRO-60 receiver that I serviced after it had 
been in storage for at least 2 years. I could 
tell the filter capacitor had been replaced 
fairly recently, but because it hadn’t been 
used regularly I assumed it might need to 
be reformed. 

The graph in figure 3 plots the HRO-60 


B+ voltage as the AC voltage is incremented 
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HRO-60 B+ vs Variac 


10 20 30 40 50 


—e— Variac 
—a— DC volts 
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AC Volts 


Figure 3, HRO-G6O0 B+ Voltage as a Function of AC Line Voltage: The “knee” 
in the curve corresponds to the point where sufficient rectification starts to 
occur and where filaments are hot enough that B+ voltage increases 


dramatically. 


Filament Consumption of HRO-60 on Variac 


AC volts 


—e— Variac 
—a—VVatts (filaments only) 


Figure 4: Even with the rectifier tube removed, AC current consumption of 
the HRO-60, filaments-only, is nonlinear. 


in steps of 10, according to the markings on 
the Variac dial (that correspond within a 
few volts of the actual AC voltage). Notice 
there is no B+ current until the rectifiers 
start to work, and then the output rises 
dramatically over less than 1/3 of the dial 
rotation. 
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Without knowing this, it will be hard to 
know “how slowly” to crank up the Variac, 
won't it? Since we know that applied 
voltage (and current) must be increased 
very gradually for proper capacitor 
reforming to occur, it would be very easy 
to overstress (and possible ruin). ie filter 
capacitors in the process. 
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Figure 5: HRO-60 is undergoing reforming after being in storage for 2 years. The 


autotransformer is on the left, a modified “Kill A Watt” is measuring AC current, and a 
Simpson 260 at right is measuring B+ current through a solid-state rectifier substitute. 


Along with the rectifier tube, the other 
tube filaments will start drawing current, 
also in a nonlinear way. Metals, like the 
filaments in a vacuum tube, havea positive 
temperature coefficient of resistance 


(TCR), and this is why the current through 


Figure 6: If solid-state rectifiers are 
present, a milliammeter can be 
temporarily inserted to measure 
current while reforming electrolytics. 


El ’ P 
14 ectric Radio #331 


the filament circuit changes in a nonlinear 
way, as shown in figure 4 for the HRO-60. 

A third factor is the circuits in the radio 
itself, which will begin operating as a 
function of tube filaments heating up and 
increasing B+. These three factors combine 
to determine the amount of current that 
will be drawn at a given AC input voltage, 
but are difficult to easily predict. This 
shows why the autotransformer dial 
position has little to do with what is actually 
going on inside the device under test. 
Blindly “bringing it up slowly” is likely to 
do as much harm as good. 

A few pieces of simple test equipment 
can remove the guesswork when using a 
Variac, and when used as part of a systematic 
approach can improve your restoration 
success rate, especially with regard to 
electrolytic capacitors. 
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5T base 


yo 


Connect "-" side of mA meter 


an 


Plug-in solid state rectifier 
replaces tube-type rectifier for 
reforming of electrolytics. 


Figure 8: A solid-state rectifier 
substitute has been wired to fit the 
5T rectifier socket. 


The power supply circuitry will 
determine how to best measure B+ current, 
see figure 6. 
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Solid State Rectifiers 

Without any filaments to warm up, the 
B+ will start rising in direct proportion to 
the Variac setting. Temporarily disconnect 
the rectifier output from the filter input 
and inserta milliammeter in series to measure 
current into the filter network. Remove 
tubes or disable the B+ load for accurate 
measurements. 

Vacuum Tube Rectifiers 

To eliminate the non-linearity caused 
by a tube rectifier, a simple solid-state 
rectifier adapter can be made that will plug 
into the rectifier socket that includes test 
points for current measurement. The B+ 
load should be disconnected or disabled to 
directly measure reforming current only. A 
standby switch may be available, or tubes 
can simply be removed. Don’t let the B+ 
voltage exceed the nominal level (Footnote 


4). 
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A couple of “shortcut” methods are also 
sometimes appropriate: 

If all tubes are all removed, this eliminates 
the effect of heater and circuit current, and 


with solid-state rectifiers, AC line current: 


measurement (using something like the 
Kill A Watt’s “Amp” function) will be 
proportional to B+ current. This isa simple 
way to do reforming if the tubes are going 
to be removed for testing anyway. 
Quick Reforming 
An AC ammeter, along witha voltmeter 
attached to the B+ line, can be used for 
quick in-circuit reforming with reasonable 
confidence fora piece of equipment that’s 
has been recapped or reformed fairly 
recently and the filter capacitors are thought 
to be in good shape. This procedure involves 
a bit of guesswork by watching the rate at 
which the B+ voltage stabilizes as the voltage 
is increased, rather than actually measuring 
the current going into the filter network. A 
good capacitor will quickly charge and 
stabilize as the applied voltage is gradually 
increased, and with a light hand on the 
Variac, this method can be used to “bring 
it up slowly” with a degree of confidence. 
Reforming Isn’t Cheating 
In reforming a cap, we are carefully 
recreating the aluminum oxide dielectric 
layer that was formed during the 
manufacturing process. (See note 3 fora 
great explanation of how electrolytic caps 
are made). When an electrolytic capacitor 
isn’t used, the oxide layer starts to degrade 
~ regardless of whether it’s in a radio or 
sitting on the shelf. This is why 
manufacturers of capacitors — and 
equipment that uses them — provide 
‘instructions on proper reforming 
procedures. If full rated voltage is applied 
to acap without reforming, leakage current 
will be high enough to almost certainly 
result in failure, so correct reforming 
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requires that both voltage and current be 
limited. If you (the human) are doing the 
controlling, it’s essential to have accurate 
measurements. 

Incorrect reforming probably accounts 
for many of the negative comments made 
about the procedure. Proper reforming - 
(some cap manufacturers call it “voltage 
treatment process”) is required to restore 
the dielectric layer in even relatively new 
capacitors, and doing so will reduce the | 
stress on power transformers, chokes, and 
other power supply components. If the 
electrolyte has dried out, or if the cap has 
developed an internal short, nothing you ~ 
can do will fix itand replacementis the only 
option. 

Incidentally, ambient temperature and 
heating due to the ripple current through 
the capacitor are the leading causes of 
failure, so keeping the filter capacitors away 
from heat sources is the best thing you can 
do to extend their life-span. 

Hopefully a systematic approach to 
powering-up that new boatanchor treasure 
will be rewarded with many hours of 
enjoyment and “no returns’ to the 
workbench. 

Footnotes: 

1. http://www.vcomp.co.uk/tech_tips/. 
reform_caps/reform_caps.htm 

2. http://www.nmr.mgh.harvard.edu/ 
-reese/electrolytics/ 

3. http://www.chemi-con.co.jp/e/ 
catalog/pdf/al-e/al-sepa-e/001-guide/al- 
technote-e-130701.pdf 

4, The SS rectifier adapter provides a 
quick way of measuring B+ current, but it 
would bea good idea to add a series resistor 
to compensate for the lower voltage drop of 
the solid-state rectifiers if it is left in place 
with full line voltage applied. 


ER 
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Introduction 

During the months of January and 
February of 2014, I had several long- 
winded email conversations with Tom 
Marcellino (W3BYM) and Ray Osterwald 
(N®DMS) about choosinga tube for Tom’s 
1-tube crystal-controlled oscillator/ 
transmitter, starting with the 6146. I was 
familiar with the 1-tube 813 crystal- 
controlled oscillator/transmitter described 
in the December 1938 Ham Tips from 
RCA, so using an 813 was also discussed. I 
had used FT-243 and FT-171-B crystals 
since my Novice days in 1960, but had 
little knowledge beyond their use. My first 
Conar 400 3-band 1-tube 6DQ6 80/40/ 
15M Novice transmitter, in. November 
1993, introduced me to “excessive crystal 
currents” since the Conar 400 used a #40 
150 mA lamp in series with the FT-243 
crystal, and that lamp could get quite bright 
as that transmitter was tuned up. So, with 
that in mind I cautioned Tom about 
potential excessive crystal currents using 
FT-243 crystals with a 6146- and larger- 
tube type. 

Those 


admonition of excessive crystal current was 


conversations and. that 


the beginning of a fairly comprehensive 
research project using HC-6, FT-243, and 
FT-171-B crystals. Mysteries of the Rock in 
ER #298 was the beginning and demanded 
more data. Mysteries of the Rock Continue in 
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ER #300 was more in-depth, and actually 
featured a glimpse of my single 813 crystal- 
controlled 80/40M oscillator/transmitter. 
A third article, Mysteries of the Rock 
Continues: FI-243 Frequency Drift vs. 
Crystal Current, in ER #313, was really an 
offshoot of the observations in the first two 
articles. 

At this point several months of testing 
had elapsed and I had amassed an enormous 
amount of data, all of it date-stamped to 
keep it as organized as possible. But quite 
frankly I was starting to get concerned 
about the data. In reviewing the normalized 
data in the conclusions of Mysteries of the 
Rock Continues, | knew I needed a bit more 
precise data. The complex waveforms of 
the crystal current across the 1 ohm resistor 
in series with the crystal, although near- 
sinusoidal, suggested that meaningful 
normalized data might be difficult ‘to 
calculate, and more difficult to compare. If 
I couldn’t compare the data then all my 
mountain of data wasn’t as useful as it 
needed to be to draw conclusions that 
would stand up to review. This article is the 
result of those concerns. 

I designed an adapter that would screw 
into the lamp holder containing a photocell 
that could be calibrated against a known 
current through the #49 bulb. The 2nd 
generation adapter is shown in figure 1. 
The adapter uses the drilled-out lens from 
a Radio Shack holder (P/N 272-0325) and 
the outside diameter of that lens was a close 
fit with the inside diameter of a %2-inch 
PVC sprinkler riser pipe cut to a length of 
2-\% inches. Ata measured #49 current of 
75 mA, the output of the photocell is 
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Figure 1: This shows the 


assembly sequence of my 2"‘-generation photocell assembly. The 


photocell assembly and its companion lamp holder must be totally enclosed, lighttight, 
to prevent the photocell from “seeing” any ambient light from the outside. 


0.219 VDC. My calibration table is in 1 
mA increments from 35 to 75 mA and 
nonlinear. The calibration table is holder- 
and-bulb specific and is specific to the 
bulb’s orientation in the holder. All Radio 
Shack holders (P/N 272-0325) with the 
same bulb havea different output voltage. 
This is with the photocell assembly screwed 
into the holder body firmly. Each holder- 
and-bulb combo, for any given piece of 
gear that it is used in, must have a unique 
calibration table run. And, you have to 
verify the orientation of the bulb against 
the calibration table prior to running any 
crystal tests. It is more complicated than I 
expected, but the resultant data is as precise 
as I can get it, and you can compare and 
correlate the data. 

My photocell assembly design was 
limited to the parts I had on hand. I used 
a Vactec rectangular 1.16" Lx 0.66" Wx 
0.034" thick photocell (P/N 158312). I 
have about a dozen of these, and I selected 
one with the highest output voltage. Part 
of the problem is that the photocell doesn’t 
actually “see” the #49 bulb. The photocell 
is installed on its edges inside the cylindrical 
tube. The position of the bulb, and its 
filament, is critical. I suspect that most of 
what the photocell “sees” is reflected light 
off the walls, and only one side of the cell 
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is active. It’s probably not the best solution, 
but one that works with the cells I have on 
hand. I opted just to screw the photocell 
assembly firmly against the holder instead 
of trying to identify the “magic position” 
where maximum output is achieved. That 
way, it always gets installed the right way 
and the calibration table will match. First 
thing to do when putting it all together, 
before taking any data, is to run a known 
current through the bulb, and check the 
calibration table. That will also verify that 
the bulb is installed correctly. I have 
purchased a total of fifteen #49 bulbs and 
they are all different, so, I have also 
numbered the bulbs that I have run 
calibration data on. This is a very good way 
to determine crystal current, but you have 
to pay attention to the details! 
The 6DQB Test Fixture 

After “building” the calibration table for 
my active 6(DQGB test fixture, I retested all 
crystals. The 6DQ6 test fixture is the 
only gear that I have added an index mark 
to get maximum output voltage from the 
photocell assembly. If I’m patient building 
the calibration table of holder vs. bulb, 
then based on the results from my 6-DQ6 
test fixture, repeatability is well within +1 
mA using a known current to verify its 
calibration. The repeatability of any given 


December 2016 


Figure 2: The photocell assembly is installed on the 6DQ6 active test-fixture. Note the 


index mark on the chassis to align the photocell assembly for maximum output. 


crystal over time and several cycles is greater 
than 1 mA. The one major “flaw” in the 
photocell assembly’s design is that it won't 
measure currents less than 35 mA — the 
point where the bulb just barely lights. So, 
the crystals selected must have crystal 
currents greater than 35 mA, which is no 
problem for the majority of my crystal 
collection, but there ARE exceptions. 

The measured crystal currents using the 
photocell assembly were pretty much spot- 
on with the 7 MHz FT-243 “normalized” 
datain Mysteries of the Rock Continues, but 
the rest of the “normalized” data was lower 
than the measured crystal currents. 

OK, I now had precise crystal current 
data on all my crystals that were greater 
than 35 mA. Now what? My GDQGB test- 
fixture features an untuned plate circuit, 
but I wanted some comparative test data 
froma “real” transmitter. In the last twenty 
years, I have owned three Conar 400 80/ 
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40/15M 25W Novice transmitters. These 
use a single 6DQ6 crystal oscillator and 
appear to be loosely based on Lew McCoy's 
design from his article in the December 
1957 QST. I reviewed the Conar 400 in 
ER #74, June 1995, The Conar 400 
Revisited, and I still had my design notes. 
The 400 uses a#40 150 mA lamp in series 
with the crystal, but it is chassis-mounted 
and you cannot see it during tuning if the 
transmitter is in its cabinet. A comment 
from my article in ER #74 said “It’s too bad 
that the crystal lamp isn’t mounted on the 
front panel because it’s a very useful tuning 
indicator.” 

Thinking that the Conar 400 would 
make a useful test fixture, the hunt was on 
for my fourth Conar 400, and I quickly 
found an unbuilt kit from Jack Yerigan 
(K8SW). As received, something “nasty” 
had been spilled on the front panel and had 


seeped between its blue protective cover 
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Figure 3: This is the front panel of my modified Conar 400. Note the added Radio Shack 


CRYSTAL 


lamp holder (P/N 272-0325 ) above the crystal socket and that I have replaced the original 
neon power-on indicator with the same lamp holder, lowering it a bit from its original 
position. The front panel has been repainted a light gray and Micro-Mark decals used to 
“restore” the lettering. AHUGE thanks to Ray at ER for printing the decals. The “nasty” 
stuff that etched the front panel never touched the front panel’s silk screen, so the front panel 
was scanned for the artwork to print the decals. | 


and the front panel, badly etching it in 
several places. Since I was now going to 
repaint that front panel, I was now going to 
add a Radio Shack holder (P/N 272-0325) 
above the crystal socket and replace the 
neon power indicator with the same holder, 
only lowering its 5/8" mounting hole a 
“tad.” I also completely changed the layout 
of the discrete components and the wiring. 
The orientation of the pi-network’s two 
coils also had to completely change with 
the addition of the front panel mounted 
lamp holder above the FT-243 crystal 
socket - a spot previously occupied by the 
15M coil. Although no longer original, this 
is by far my favorite Conar 400 and is 
shown in figure 3. 
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The 400 has some subtle differences 
from the Lew McCoy design resulting in 
higher input/output powers. The Lew 
McCoy design uses a 470 ohm cathode 
bias resistor and a VR-150 to precisely 
control the 6(DQ6’s screen voltage to 150 
VDC. The 400 uses a 100 ohm cathode 
bias resistor and a resistive-divider on the 
6DQ6’s screen, which results in higher 
key-down screen voltages, or 190 VDC at 
120 VAC Tine. 

The 400 uses a #40 screw-base lamp in 
series with the crystal. This is a 6.3V 150 
mA lamp. The bayonet-base equivalent is 
a #47. In spite of its use, I opted to install 
a #49 bulb, 2V at GO mA, since I have 


successfully used that in all my tests to date. 
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I then builta calibration table for that bulb 
and holder from 35 to 75 mA. 

It was now time to test the 400 and its 
first@crystal,+:a JAN 3730 FYT-243. 
Following the Conar setup procedure, 
TUNE and LOAD were set to 100 (max 
cap), BAND to 80, and! connecteda25W 
incandescent bulb asa dummy load. I had 
previously tested the power supply, etc., 
and checked the wiring, so I was pretty 
confident that this transmitter was going to 
work. | installed the photocell assembly, 
and while monitoring its output voltage, 
closed the key. I promptly blew the #49 
bulb! Huh! To say I was surprised would be 
a major understatement! 

I removed the photocell assembly and 
the now open #49 bulb, and installed a 
#47 bulb. I closed the key, and the bulb 
was near full brilliance. Adjusting TUNE 
CCW, the meter dipped to 50 mA and the 
dummy load lit up, so the transmitter 
appeared to be working OK. 

At this point, I tested a #49 to 
destruction, slowly increasing its current 
until it opened at 103 mA. Obviously, the 
3730 crystal current at key-down was 
greater than 100 mA! Verifying the #47’s 
orientation for max photocell voltage, I 
“built” a calibration table from 45 - 155 
mA in 1 mA increments. With TUNE and 
LOAD again set to 100, BAND to 80, and 
a 25W incandescent bulb asa dummy load 
connected, and monitoring the photocell 
output, I closed the key. The panel meter 
indicated a cathode current of 125 mA 
(expected) and the crystal current was 
ereater than 155 mA! Quickly adjusting 
TUNE for dip, the meter now read 50 mA 
with acrystal current of 108 mA. With this 
crystal, going back ‘n forth between TUNE 
and LOAD, crystal currents much greater 
than 155 mA were easily achieved. 
Removing the photocell assembly, the 
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brilliance of the #47 bulb, appeared to be 
close to burnout itself, verifying the much 
greater than 155 mA crystal currents. Boy 
does this transmitter redefine max FT-243 
crystal currents! 

Prior to “Mysteries”, I had plenty of 
experience with the Conar 400, and all 
four have seemed to operate pretty much 
the same. I knew in ’93 that there was a 
difference between crystals and the 
brightness of that series lamp. The schematic 
didn’t indicate the bulb type but my 
original notes did indicate a GE40 bulb. So 
based on my experience with four of these 
and the brilliance of the bulb, and the fact 
that it is spec’'d at 150 mA, it’s pretty 
obvious now that this transmitter has always 
produced crystal currents much greater 
than 100 mA. — 

Lew McCoy did NOT use a lamp in 
series with the crystal in his 6DQ6 crystal 
oscillator transmitter, but he DID use a 
#48/49 in series with crystal in his 6146 
crystal oscillator transmitter. The #49 bulb 
seemed to be the “universal bulb” in series 
w/crystals, and RCA even used it in the 
1938 813 crystal oscillator transmitter. 

Now, as to FT-243 crystal currents 
routinely greater than 100 mA in the Conar 
400.... ’m STUNNED! At this point, lam 
absolutely CLUELESS as to the max crystal 
current these crystals will safely tolerate! I 
have used the same set of FT-243 crystals 
to test four separate 400s over a twenty year 
period and I have NEVER experienced a 
failure. Crystal heating? Yes, as evidenced 
by increasing chirp in the receiver when 
keyed. And the chirp was a variable vs 
crystal.... And that chirp was related to the 
brilliance of the #40 bulb. 

When you consider that Bill, K8HYY, 
cracked two or three PR FT-243 crystals in 
the December °57 Lew McCoy 6DQ6 
crystal oscillator transmitter, a kinder and 
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gentler version of the Conar 400, and that 
W4MEW had an FT-243 failure in his 
813 crystal oscillator transmitter w/#49 
bulb, the FT-243 crystal currents in the 
400 seem downright LETHAL! Especially 
since these documented failures occurred 
at much lower crystal currents than are 
found in the 400! One would expect the 
400 to have left a “graveyard” of FT-243 
crystals in its wake! 

Crystal currents in the 400 are also slightly 
dependent on the 6DQ6 installed. 
Obviously, some are “hotter” than others. 
I have an Amperex 6BQ6 that I purchased 
as part of my active 6DQ6 test fixture. 
When I replaced it in the 400, the key- 
down when both TUNE & LOAD were at 
100 went from much greater than 150 mA 
with the 6DQ6 to 119 mA with the 6BQ6. 
I also experienced lower crystal currents in 
the test-fixture with the 6BQ6 installed. 
The Amperex 6BQ6 stays in the 400 as a 
permanent “fix”. 

With the 6BQ6 installed, and both 
TUNE and LOAD at 100, a total of fifteen 
80M and 40M FT-243 crystal currents 
ranged from 64 mA (JAN 7045) to 135 mA 
(PR 7156) and averaged 116 mA. The 
correlation-coefficients of 80M crystal 
currents compared to the GDQGB test- 
fixture was 0.8834, while a lower 0.7087 
for 40M crystals. The crystals with the 
lowest current in the test-fixture also had 
the lowest currents at those initial settings 
in the 400. 

I indicated above that the Lew McCoy 
design was “kinder and gentler” regarding 
crystal currents, but to what degree? | 
revisited the homebrew McCoy 6DQ6 
crystal oscillator transmitter witha calibrated 
photocell assembly. From my tests in 
February 15, I knew crystal currents were 
lower than the 400, but how much lower??? 
I set the McCoy transmitter up the same 
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way - TUNE and LOAD caps at max. Its 
pi-network is identical to that of the 400. 
The same 25W incandescent bulb was 
used as a dummy load. FT-243 crystal 
currents at those settings ranged from 34 
mA to 52.9 mA and averaged 45 mA 
(thirteen crystals), and that’s with a6DQ6 
installed and 442 VDC on its plate (screen 
voltage predominates). Here are my 
comments from Mysteries of the Rock: 
Based on the brilliance of the #49 bulb, 
crystal currents were much higher than in 
the Lew McCoy 6AG7 oscillator 
transmitter, and in the case of higher 
activity crystals, approached crystal 
currents of 75 mA! I was worried at those 
higher crystal currents that the brilliance 
of the #49 bulb at 75 mA would cause 
either the bulb or the crystal to fail. The 
observed crystal currents were literally “all 
over the place” as the transmitter was tuned. 
Those observations remain unchanged as 
the McCoy transmitter is tuned. 

Once youstart tuning the 400, it’s almost 
impossible to find another “sweet spot’ to 
compare crystal currents. Even when the 
transmitter is initially dipped, there is no 
correlation w/crystal currentand minimum 
plate current because the adjustment of 
TUNE isso critical vs crystal current that 
it’s not even repeatable with the same 
crystal - the dip is just too broad. The tune- 
up procedure is basically the same that I 
learned 23 years ago with my first 400 - 
tune the transmitter for the best keyed 
waveform and lowest crystal current as 
defined by the brilliance of the bulb - and 
this will not occur at max output powers... 

As you might expect, the Conar 400 
Novice transmitter has a pretty bad rep! 
Mostly due to “chirp”... Twenty-three years 
ago, I knew that to reduce chirp in some 
crystals, you had to minimize crystal 
currents based on the brilliance of that 
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bulb. Having said that, the bulb was chassis- 
mounted and invisible to the operator once 
it was in its cabinet, so that “advice” is 
pretty much worthless! The 6DQ6’s screen 
is fed bya resistive divider, and at 120 VAC 
line, the screen voltage changes from 307 
VDC key-up to 190 VDC key-down (1993 
notes). Conventional-wisdom, and a 
popular “fix”, is to puta 150V zener on the 
screen to “fix” this delta-117 VDC swing 
on the screen that “causes the chirp”... 
Hmmmmmm, with the latest revelations, 
it seems to me that the extremely high 
crystal currents in the 400 is the real culprit! 
And crystal heating, hence chirp, is a 
predictable by-product, and one I 
recognized in’93. However, why does the 
150V zener work?? Reducing the 6DQ6’s 
screen voltage reduces crystal currents, 
reducing crystal heating, reducing the 
chirp. It’s not the screen’s delta-117 VDC 
that’s the culprit, it’s the 400’s unbelievably 
high crystal currents! Anything you can do 
to reduce those crystal currents will 
minimize chirp! Like replacing the 6(DQ6 
with a GBQ6! Like reducing the 6DQ6's 
screen voltage. Like increasing the cathode 
bias resistor from 100 ohms to as much as 
470 ohms (McCoy’s value). Max output 
power will decrease as a result, but the 
keyed signal will be very much improved... 
Left in its stock-condition, the 400 is a 
“chirp-machine” anda potential “crystal- 
destroyer.” 

Building the photocell assembly has really 
tied down the data and has allowed me to 
accurately measure and compare crystal 
currents. At this point, testing continues as 
required, but the bulk of the crystal data is 
behind me, and this project is pretty much 
a wrap. However, after several months of 
testing, what remains undiscovered is the 
maximum “specified” FT-243 crystal 
current. My original assumptions have been 
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pretty much “trashed” after testing the 
Conar 400. Having said that, the data is 
crystal clear (pun intended) that many of 
my 80M and 40M FT-243 crystals will 
withstand brief excursions at crystal 
currents much greater than 155 mA without 
damage. 

Some additional “loose ends” on my 
Mysteries of the Rock Continues in ER 
#300, May °14: 

Regarding “what’s under the hood”, 
David Gordon-Smith (G3UUR) has 
reported additional variants in the sizes of 
the quartz plates in six FT-171-B crystals. 
Two made by Bliley are 0.706" x 0.885", 
two made by Premier Crystal Laboratories 
are 0.706" x 0.711", and two unmarked 
are 0.750" x 0.750". 

Dave also sent me copies of the ads for the 
Talkie X-Tals Amateur Quartz X-Tal Kit 
that appeared in the December “45 and 
February ’46 issues of CQ Magazine. The 
complete kit was $1.00 postpaid. 

The Talkie Kit that was shown belonged 
to Ray at ER- it’s not the same one I bought 
via eBay. Ray, in his infinite wisdom, 
decided that I should be the new 
“custodian” for his Talkie Kit, so I now 
have two. Another mystery was solved as I 
disassembled the CR-1A/CR crystal that 
came with Ray’s kit. Those large circular 
0.711" diameter electrodes accommodate 
the 1/2" square quartz plates that are used 
in the FT-243 holders. 

I obtained a copy of MIL-C-10405A - 
Crystal Units, Quartz, Pressure and Spacer 
Mounted, 2 April 1954, and there is no 
holder- or quartz-specific details within 
that standard. There is a referenced M/L- 
H-12783 - Holders, Crystal that [haven't 
located a copy of that might provide more 
specific details. However, given the wide- 
variations in the size of the quartz and 
stainless steel electrodes encountered in 
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both FT-171-B and FT-243 (and CR-1A/ 
AR) holders, this standard might also be 
pretty “loose” in defining the actual size of 
the quartz. 

Selected References: 


J.M. Wolfskill, W8QKT, Operating 


Notes on Power Crystal Oscillators, Bliley 
Electric Co., QST, Feb.’37, pgs. 43-46, 
55. My thanks to Charles Preston, K4LJH, 
for bringing this, and the following two 
references, to my attention. Although these 
experiments were prior to WWII and 
predate the FT-243 and FT-171-B crystal 
holders, there is just too much valuable 
information presented to ignore these 
references. Crystal Activity is of interest and 
the author discusses the use of one or two 
2V 60 mA bulbs in parallel with the crystal 
to monitor crystal current and protect the 
crystal. The same bulb used in the Conar 
400 is also referenced - the 6.3V 150 mA 
#47. 


James J. Lamb, Technical Editor, QST7,A 
Practical Survey of Pentode and Beam 
Tube Crystal Oscillators for Fundamental 
and Second Harmonic Output, , QST, Apr. 
37, pes. 31-38, 106, 108. 

Edward W. Sanders, W3AKU, Modes of 
Fracture in Piezo-Electric Crystals, QST, 
Sep. 37, pgs. 17-18, 84. 

Jim Hanlon, W8KGI, The Conar Twins, 
Electric Radio, #45, Jan. °93 

David Ishmael, WAGVVL, The Conar 
400 Revisited, Electric Radio, #74, Jun. 
95, pgs. 28-29, 39. 

Mike Silva, KK6GM, The Conar Twins, 
QST, Jul.’01, pgs. 102-103. 

David Ishmael, WAGVVL, Mysteries of 
the Rock, Electric Radio, #298, Mar. 14, 
pessoa: 

David Ishmael, WAGVVL, Mysteries of 
the Rock Continues, Electric Radio, #300, 
May °14, pgs. 36-43. 
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CHRISTMAS GREETINGS 


4 
iw 


we NCE MORE the air is filled with the com- 


2-4 forting message of Christmas. Into the 
| hearts of everyone, the Christmas spirit 
brings a warm message of Peace, Good- 
Fellowship and Cheer. To radio amateurs, 


in every country of the world, this spirit of brotherhood means a great deal and it is lived up 
to by them, faithfully day in and day out, through every season of the year. We, here at Taylor 
Tubes, know and respect this vital comradeship which the magic of amateur radio has made 


possible. 
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The Heathkit HA-20 Six Meter Linear Amplifier 


By George Misic, KE8RN 
1936 Duncan Avenue 
Allison Park, PA 15101 


ke8rn@comcast.net 


The HA-20’s Place in the Heathkit 
World, 


_A General Overview 


The Heathkit HA-20 isa linear amplifier 
that can be used on SSB, CW, AM, or FM. 
It has a pair of 6146 tubes for the final 
amplifier in a push-pull configuration 
operating in class AB2. It was sold between 
1962 and 1964 and was intended as a 
mate to the low power HX-30 six meter 
SSB, AM, and CW transmitter that was 
offered for the same period. The HX-30 
transmitter used a 6360 dual pentode, also 
in push-pull operation. Both the HA-20 
and HX-30 were housed in the same 
cabinet measuring 16.5 inches wide, 10 


Figure 1: The HA-20 amplifier was produced from 1962 to 1 964 in Heathkit’s traditional 


two-tone green color scheme. 
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inches high, and 10 inches deep; the 
enclosure style and color matched the then 
current RX-1 Mohican receiver, TX-1 
Apache AM-CW transmitter, HX-10 
Marauder SSB, AM, and CW transmitter, 
and the HA-10 Warrior linear, all for 80 to 
10 meters. This is also the same cabinet 
used on the Heathkit VHF-1 Seneca six 
and two meter AM-CW transmitter. The 
fact that no Indian names were assigned to 
the HX-30 and HA-20 indicates that their 
products were undertaken after the period 
of Roger Mace in the amateur radio 
engineering group; all of the products 
completed while he was heading the 
amateur radio- product engineering had 
Indian product names, a salute to his wife, 
who was a Native American. 


Tubes Used in the HA-20 


As mentioned, the HA-20 used a pair of 
6146 tubes in the final; the 6146 was 
obviously a favorite tube of Heathkit ham 
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radio product engineers. They used the 
RCA 6146 RF beam power tetrode tubes 
in the HA-20, the DX-35, DX-40, DX-60 
family, the DX-100/DX-100B, the SB- 


Line, and the HW-100 and HW-101.. 


Heathkit used other RF output tubes only 
to keep costs down after the 6146 came 
out; the low cost Singlebander, the HW- 
12, HW-12A, HW-22, HW-22A, and 
HW-32 and HW-32A plus the Novice 
transmitter-receiver station all used the 
6GE5, which was a black and white TV 
horizontal output tube. The low cost DX- 
20 and HX-11 CW transmitters used the 
6DQ6, another TV horizontal output tube 
used in black and white TV; the early AT- 
1 used a GLG, an early beam power tube 
popular in medium to high power audio 
applications. 

The power supply of the HA-20 does 
not use tube rectifiers in the power supply; 
a voltage doubler using silicon diodes is 
employed. The bias supply also used silicon 
diodes. The only other tube used in the 
HA-20 is an 0A2 gas discharge regulator 
tube used in the power feed to the screen 
grids. The 0A2 does not fully regulate the 
screen grids, but it does stabilize the screen 
grid potential to a degree. No other tubes 
are used in the HA-20; the simple design 
probably helped keep the selling price of 
the kit to a low $99.95 including the 
quality panel meter and the polished 
aluminum knobs, the same as were used on 
the RX-1, TX-1, and many other Heathkit 
amateur products. 

Lack of an Antenna Relay in the HA-20 

Oddly enough, the HA-20 does not 
have any internal antenna relay; this is not 
an issue if it is always used with the HX-30 
Heathkit SSB six meter transmitter, but it 
prevents operating without the amplifier 
in operation without changing cables. It 
also complicates using the HA-20 with a 
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transceiver. I use the HA-20 witha Gonset 
901A SSB/CW/AM transceiver and using 
it requires a relay added to bypass the HA- 
20 when receiving, or if you wish to operate 
lower power without the amplifier 
operating. The HA-20 availability 
overlapped with that of the HW-10_ 
Shawnee six meter AM transceiver (a 
transmitter-receiver actually; it did not 
transmit on the receiving frequency without 
operator intervention). Italso overlapped — 
with the HW-29 Sixer, but it was probably 
never used with these radios because they 
had no provisions to key an external linear 
amplifier. 
Placing the HA-20 in Heathkit’s 
World 

Heathkit did not promote the HA-20 for 
any other possible use besides pairing it 
with the HX-30 low-power, six-meter SSB/ 
CW transmitter. I doubt that the HX-30 
was very popular because six meter receivers 
were not common and the HX-30 was an 
uncommon product, so sales of the HA-20 
over its short life (1962 to 1954) were 
probably not very great. The 6146 finals 
did not provide much history for the later 
SB-110 and SB-110A six meter SSB/CW 
transceivers, which also used 6146 finals, 
because the HA-20 finals were in push- 
pull like the VHF-1 Seneca AM/CW 
transmitter, not in parallel like the SB-110 
transceiver. 

The HA-20 might have had better sales 
with the addition of a built-in antenna 
relay to bypass it while receiving with a 
transceiver. That would have made it 
attractive to the many owners and users of 
low power six meter transceivers 
(transmitter-receivers, actually) in the 
1960s. Nearly everyone on six meters was 
using a transceiver-type station. 


ER 
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Packaging the Elecraft 2T-gen for 
Operating Convenience 


By Keith Kunde, K8KK 
8355 Dalepoint Rd. 
Independence, OH 44131 
kakunde@att.net 


Although the Elecraft 2T-gen kit! is a 
convenient source for the parts and circuit 
board to makea two-tone SSB test generator, 
the assembled unit isn’t the most convenient 
thing to use. For one thing, the station mic 
must be disconnected from the transmitter 
for two-tone testing or tune-up with the 
2T-gen. Also, it has no provision to actuate 
a push-to-talk (PTT) relay when needed, 
and tiny jumpers must be moved around to 
select the tones when balancing the 
transmitter for equal output at each tone 
frequency. Furthermore, the kit unit is just 
a bare circuit board with no enclosure and 
no mounting holes. It ain’t particularly 
cheap either, but that’s another matter! 

This article shows how I packaged the 


2T-gen to make it more convenient to use 


Figure 1: The Finished 2T-gen Package 
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in my station; maybe a few of the ideas can 
be used in your station, too. 
Overview 

Figure 1 shows the finished package as 
built into an LMB model 632 “Crown 
Royal” two-tone (what else?) cabinet 
measuring 6-1/4" by 3-1/2" by 2-1/8". 
The mic input jack is at the lower left next 
to the tone balance and output level pots; 
an auxiliary “on-off-(on)” PTT switch is 
at the lower right. The DPDT toggle at 
the upper left turns the unit on and off 
and also switches the output between the 
2T-gen in the “on” position and the mic 
in the “off” position. A rotary switch selects 
either the 700 Hz or the 1900 Hz tones 
individually, or both. Note that a tone 
frequency is active when its selection pin 
is NOT grounded—the negative logic 
here can be alittle confusing, so beware. A 
tiny LED at the upper right indicates 
power-on status. Remarkably, even with 
the LED illuminated the unit draws less 
than 3 mA from a 9V 
battery. 

A single mic output 
connector is mounted 
onthe rear panel. A short 
length of shielded cable 
with the appropriate 
connectors links the test 
generator to the rig. » 

Circuit Details 

The circuit (Figure 2) 
is straightforward—no 
active components are 
added beyond those on 
the basic 2T-gen 
board. When the unit is 
powered “off” both the 
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Figure 2: Circuit Diagram of the 2T-Gen Package 


mic and PTT lines are passed straight 
through to the output connector. When it 
is “on” the incoming mic line is opened and 
the 2T-gen is connected to the output. 
The board-mounted 10 k-ohm balance 
and output level pots and the tiny power 
switch which come with the kit are replaced 
by panel-mounted equivalents with the 
former board positions for these parts filled 


by 3-pin headers (male 


status LED from the kit is glued into a 7/ 
64" hole in the panel; a two-position header 
replaces the LED on the board. All of the 
headers receive matching female socket 
housings with crimp pins wired to the 
panel components. This allows the board 
to be easily unplugged and removed from 
the cabinet. Of course the connecting wires 


could be soldered directly to the board 


plug pins, 0.1" spacing). 
The. to he... select 
positions already have 
3-pin headers which 
come with the kit, their 
jumpers being replaced 


by a panel-mounted 
SP3T rotary switch 
(two SPST switches, or 
one SPDT center-off 
switch, could be used 
instead). The power 


Figure 4: Interior Left- 
Front View 
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thereby eliminating the headers and plugs, 
not to mention the nuisance of hand- 
crimping (and soldering) the tiny plug 
pins. 
| Construction 

The photos and schematic provide most 
construction details except possibly for the 
circuit board supports. I used half-inch 
aluminum spacers with 4-40 threading to 
support the board at three places: an existing 
mounting hole for the battery holder near 
the back edge of the board, a second 1/8" 
hole drilled at another battery holder hole 
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Figure 5: Interior Right- 
Front View 


location, anda 1/8" hole 
drilled approximately in 
the center of the large 
copper pad area just to 
fhesrear,of, the “RCs 
phono jack location. 
Scrape any paint from 
around the holes in the 
enclosure to insure a 
good ground for the 


Spacetsa and... Wate 


connectors. The micline 
doesn’t need to be 
shielded ifa metal enclosure is used. 
Parts 

The pots I used (Bourns 53AAA-B28- 
B15L, 1/2" square) and the rotary switch 
(C&K A20615RNZQ) are overkill ($) for 
this project but were used because they 
were already on hand. Likewise, the fancy 
two-color knobs (Eagle 2070-GRX and 
3183-GRX) and LMB cabinet have less- 
expensive alternatives. However, the 
elephant in the room is the cost of the 
Elecraft 2T-gen kit itself —yeeowch! I guess 
you really want the thing, or you dont. 

[recommend an audio 
taper pot be used for the 
output level control 
(Bourns—D15L suffix); 
Mined i. taper) potas 
somewhat “touchy” 
here. The toggles are 
Tyco / Alcoswitch “A” 
series. 

Initial Set-Up 

Connect a dummy 
load and a typical 
average-reading RF 


Figure 7: Interior Right- 
Rear View 
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wattmeter to your rig. Set the mic gain as 
usual and make the rig ready for voice 
transmission. Turn on the 2T-gen and 
select either the 700 Hz or the 1900 Hz 


tone. Ifusing VOX the transmitter will be. 


keyed by the tone, else use the auxiliary 
PTT switch. Slowly increase the 2T-gen 
output level until your normal maximum 
output power is indicated on the 
wattmeter—this is both your average and 
your single-tone PEP output power. 
Carefully note the final amplifier current 
and wattmeter readings. Now adjust the 
level control to give a reading on the 
wattmeter one quarter of what you saw 
during your initial tune up (e.g., ifyou saw 
100 W output initially, set the 2T-gen 
level for 25 W output). Select the other 
tone and adjust the balance and level 
controls until each tone is one quarter of the 
initial single-tone output power. Nowselect 
“both” tones—power output on an average- 
reading wattmeter should be half of your 
initial tune up power and your final 
amplifier current should be between 60 to 
70% of your initial tune up current. At this 
point the rig’s two-tone PEP output will be 
equal to your initial single-tone PEP level 
(with two tones, the output peak-to- 
average ratio is 2, so PEP is twice the two- 
tone average). The 2T-gen is now set up 
and ready to go. 

It will be necessary to repeat this procedure 
for each rig (and possibly for each sideband) 
you use with the 2T-gen, due to variations 
in audio frequency response. 

Two-Tone Tune-Up and Testing 

The unit will probably be of greatest 
benefit in tuning up an SSB rig or linear 
amplifier that uses vacuum tubes. The 
average final current displayed on the meter 
with a two-tone signal is only about 60- 
70% of the reading with a single-tone 
(CW) tune up, and the average power 


output is half the single-tone value, even 
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though the PEP output is the same (peak 
being the operative word). This applies to 
both the transmitter and any attached power 
amplifier. Two-tone tuning should be done 
in the normal voice transmission mode, not 
using CW ora “tune” mode, ifpresent. Aim 
for about 60 to 70% of your normal single- 
tone final amplifier current reading, or half 
of your normal single-tone power output 
on an average-reading wattmeter; a peak- 
reading wattmeter should indicate the same | 
peak power (PEP) either way. When you 
switch the 2T-gen off, you will be tuned 
for full PEP output. — 

Note that the final amplifier device 
efficiency with a two-tone signal is actually 
slightly less than with a single-tone signal, 
but since the average input power is 
substantially less the device dissipation will 
also be less and the PA tubes or transistors 
will run cooler during tune-up. 

If you sample your rig’s RF output 
waveform with an oscilloscope you can get 
a good idea of how well it is performing by 
interpreting the two-tone waveform. 
Figure 3 shows the familiar “ideal” two- 
tone waveform obtained from a test of a 
solid-state SSB transceiver...or does it? Note 
that the upper half of the waveform is 
slightly taller than the lower. Evidently, 
there is an imbalance somewhere in that 


Figure 3: Two-tone display from a solid- 
state SSB transceiver. Note difference in 


upper and lower peak heights 
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Figure 4: The author is testing his Drake TR-7 transceiver with the 2T-gen package. 


rig’s circuits. Other waveform variances 
indicate something is misadjusted or not 
working properly. A collection of such 
waveforms appeared in ARRL Handbooks 
and SSB books published 25+ years ago, 
showing the effects of overdrive, improper 
biasing, parasitics, carrier leakage, etc.. 

If you have a spectrum analyzer or 
frequency-selective voltmeter available, you 
can use the 2T-gen to determine the overall 
odd-order distortion performance of your 
rig, as well as carrier and unwanted sideband 
suppression. The procedures are detailed 
in the “ARRL Lab Test Procedures Manual” 
which ARRL members may download from 
the ARRL’s website.” 

www.arrl.org/technical-information- 
service 

These test procedures are also outlined 
in the “Tests and Measurements” chapter 
of recent editions of the Handbook. 
Extreme caution is required to avoid frying 
the delicate front end of a spectrum 
analyzer! These things have been known to 
go belly-up from just looking at them the 
wrong way. Ifyou don’t know what you are 
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doing, either learn or leave it alone! 

While the 2T-gen cannot be used to 
accurately test an outboard linear power 
amplifier for odd-order IMD products 
(because the output IMD display would 
just show the driving transmitter’s signal 
distortion mingled with the PA’s signal 
distortion), it still can be used to gage the 
overall signal chain performance. To 
properly testan outboard linear, you need 
two, very pure sine wave signal sources 
suchas crystal oscillators or lab-grade signal 
generators, set in an amateur band about 2 
kHz apart and fed through a signal 
combiner to a beefy Class A RF amplifier 
operating well within its power limits and 
itself having negligible distortion. The 
output of the amplifier drives the linear 
under test. At the ARRL, this assemblage 
costs thousands of dollars and occupies a 6- 
foot rack. Last I checked, they would not 
loan it out. 
Reference: 

| “Rlecraft 2T-gen Two-Tone Test 
Genenator,” Product Review, QST, April, 
2006, pp. 77-78 ER 
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The AN/PPN-2 
Transmitter-Receiver 
Radar Beacon “Eureka,” Part 1 


Oy 


By Joe Long, WA2EJT 
3111 King Street 
Endwell, NY 13760 
wa2ejt59@stny.rr.com 


Introduction 

I have had a certain weakness for WWII 
era surplus gear but it had never included 
radar equipment. Still, I was intrigued when 
one day I got a call from ER Reader Bob 
Szentimrey (W6WTJ). “I have an AN/ 
PPN-2 radar beacon, and I thought you 
might be interested in it.”Bob then 
explained what it was and how it was used. 

“Sure,” I said, and before long a box 
appeared with one complete AN/PPN-2 
set inside. Since receiving the set I have 
learned a great deal about it and found the 
AN/PPN-2 to be a fascinating piece of 
equipment that I believe Electric Radio 
readers will find equally interesting. 
* The AN/PPN-2 isa WWII-vintage man- 
pack sized radar “beacon,” the ground 
portion ofa radar system designed to direct 
aircraft to a point for the purpose of 
accurately dropping airborne troops or 
agents, or for other activities requiring 
precise navigation to a given spot. The 
original beacon concept was developed 
early in the war by the British for their 
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Special Operations Executive (SOE) to 
drop agents regardless of the weather, at 
night, and without the need for moonlight 
or signal lights on the ground. 

The following quote is from “Radar 
Beacons” (Volume 3) of the MIT Radiation 
Laboratory’s 28 volume report on its WWI 
radar activities, published in 1946 
(Reference 1):”A radar beacon is a device 
that, upon reception of the original radar 
pulses, triggers its own transmitter to give a 
strong reply of one or more pulses independent 
of the possible radar echoes from the vicinity. 
The beacon, therefore, may be said to act as an 
amplifier of the echo. The beacon transmitter 
need not be very powerful to be able to give a 
reply much stronger than the echo from usual 
targets....A radar beacon is a device that is 
normally quiescent; it is passive. Without 
external stimulation, a radar beacon does 
nothing of any interest whatever. When a 
suitable pulsed signal reaches it, however, the 
beacon is actuated—the standard terminology 
is “triggered’- by the received signal, and 
emits a pulse or series of pulses. ” 

The heart of the AN/PPN-2 system is the 
radar receiver/transmitter, the RT-37/PPN- 
2. The other major component is the AS- 
73/PPN-2 antenna, a ground-plane type 
mounted at the top of a collapsible mast. 
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was first assigned to the 
above mentioned SOE 
beacon, which over a 
few years grew into a 
laggé oiyifamilyuaset 
ni curselars aime a 
sophisticated radar 
beacons each of which 
kept the, Eureka 
designation. Eureka sets 
remained in service 
throughout WWII and 
into the fifties. 

The airborne part of 
this system, “Rebecca,” 
consists) of caclcadar 
transmitter-receiver and 
its antenna system. 
When a Rebecca set 
transmitted a pulse train 
that was within the 
range of a Eureka set, 
the Eureka generated a 
similar pulse train in 
response. On the 
aircraft, this response 
signal was displayed on 


the Rebecca CRT 
display where range and 


Figure 1: My RT-37/PPN-2 radar beacon, a five channel, 
200 Mc receiver-transmitter with a built-in power 
supply. The two larger knobs are the channel selectors 
surrounded by little windows where the selected channel 
is displayed. The cover for the destruct charge is 
centered just below the channel selectors. The power 
switch is just below the ID tag, with a protective cover 


to prevent accidental power up. 


The system was designed to be set-up and 
operated by one man who would have 
been, for example, part ofa small pathfinder 
group dropped in advance of a main body 
of paratroopers. The AN/PPN-2 carried 


the British designation “Eureka.” Eureka 
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steering information 
was displayed. A 
number of airborne 
radar sets could be used 
with Eureka, but one of 
them, the AN/APN-2, 
was a light-weight unit 
that worked only with 
Eureka and was light 
enough at 85 pounds to be carried by 
paratroop transport aircraft. Any airborne 
set that was used with a Eureka was 
designated as “Rebecca” in operational plans 
and orders regardless of its actual type. 


The RT-37 consists of a five channel 
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transmitter and a separate 5 channel 
superregenerative receiver, both operating 
in the 200 Mc range, with the channels 
spaced 5 Mc apart and running from 214 


through 234 Mc. The transmitter output 


is 8 watts peak and the receiver sensitivity 
is 300 pv. With 300 (or more) microvolts 
input from a Rebecca set, the Eureka 
receiver output will reliably key the 
transmitter section, thus generating the 
response signal. With the antenna at 
ground level and the aircraft at 500 feet the 
range is specified to be about 15 miles. 
With the aircraft at 5,000 feet the range is 
about 50 miles. The Eureka response signal 
was always transmitted on a different 
frequency (channel) than the incoming 
Rebecca signal. This had the advantage 
that ground clutter was eliminated on the 
Rebecca display because the Rebecca 
receiver was tuned toa different frequency 
than the Rebecca transmitter, so the receiver 
never saw the Rebecca transmitter’s 


eround-return signals. 

As with much WWII equipment, early 
radar beacon work was done by the British, 
and their work served as the basis for further 
American development, using US 
components and manufacturing 
techniques. An Internet search for “Eureka/ 
Rebecca radar beacon” or something similar 
will turn up plenty of information on British 
activities, how their work was shared with 
US laboratories and led to the subsequent 
American development. | 

The best resource for this ‘afeaedien | is 
probably the book “Boffins” by R Hanbury 
Brown. Brown originated the radar beacon 
idea and was key in initiating American 
development and manufacturing of 
beacons. A lot of other information on 
Eureka is available on the Internet, on 
operations, further developments, memoirs, 
YouTube instructional films (reference 2), 
etc. 


Very little of the readily available 


RECEIVER TRANSMITTER 
RT-27/PPN-2 


ANTENNA 
AS~73/PPN-2 


GUY CORDS AND STAKES 


CARRYING 
——--— HARNESS 
MX- 183/ PPN~2 


Figure 2: My AN/PPN-2 came with all of the items displayed here except for 


the two extra pieces of coax, labeled “cords”. 


They were 20 foot lengths of 


RG-58 with UHF connectors and would have been the first pieces to 


disappear. 


34 Electric Radio #331 


December 2016 


Figure 50 A soldier with the MX- 
183/PPN-2 strapped on. Note the 
coil of extra coax sections strapped to 


the MX-183. 


information on Eureka (and Rebecca) 
concerns the mechanical and electronic 
details of the equipment and as a result I 
have concentrated on those aspects of the 
AN/PPN-2below. 

The radar beacon idea evolved rapidly 
during the war, and no less than 11 British 
sets carried the Eureka/Rebecca designation, 
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Figure 3: I set up the AN/PPN-2 in 
my yard but it blended into the 
greenery to the point of invisibility 
in all the photographs I took, hence 
this shot from the manual. 


as did American designed sets such as the 
AN/PPN-1, and AN/PPN-2. The AN/ 
PPN-1 is an earlier design and was the 
beacon used in the Sicily and Normandy 
invasions. To muddy the water a bit, 
American designs could also carry British 
nomenclature and vice versa. For example, 
the AN/PPN-2 was, for the British, the 
“Eureka Mark III C”, and to further muddy 
the water, italso carried the RAF designation 
“ARI 5687.” 
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odds with Brown’s 
account. 

Examining an 
aircraft [FF as. the 
starting point for 
developing a ground 
based beacon is logical 
because an IFF does the 
same job of responding 
to an interrogating 
radar. An IFF, being an 
airborne system, would 
have to be small, 
lightweight and not 
require any operator 
intervention beyond 
switching it on and off. 
The AN/PPN-2 merely 
had to be smaller, 


Figure 4: This is a nice summary of radar beacon 
operation. Note the two receiving antennas and the 
separate transmitting antenna on the friendly airplane. 


The following information is from “The 
US Army Signal Corps in WWII” 
(reference 3). The AN/PPN-1 and PPN- 
1A were designs based on the SCR-695 
Mark III IFF (Identification Friend or 
Foe) radar transponder. The US 
development of these sets began at the 
Aircraft Radio Laboratory at Wright Field 
in Ohio. Work on these sets and on the 
AN/PPN-2 was transferred to the Camp 
Evans Signal Laboratory at Fort 
Monmouth in New Jersey. Development 
of the AN/APN-2 (Rebecca) set was kept 
at Wright field. This was in keeping with 
a decision to split ground and airborne 
radar development between the two sites. 
This source also mentions the AN/PPN- 
3, but I have been unable to find any 
details on it. No mention is made of R 


Handbury Brown, and the development 
of the AN/PPN-1 as described here is at 
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lighter and havea built- 
in power source. How 
hard could that have 
been? Really hard is my 
guess! 

The AN/PPN-2 and related sets might 
be better described as a transponders than 
beacons because they are silent until 
receiving an interrogating signal. In today’s 
common use of the term, a beacon is a 
device that radiates continuously (like a 
lighthouse), which therefore would need 
only a direction finding receiver to home in 
on it. A transponder has several advantages 
over a beacon. Since it does not radiate 
except when receiving an interrogating 
signal it is unlikely to be intercepted by 
enemy direction finders. Also, the battery 
requirements are sharply reduced because 
the receive mode consumes far less power 
than the transmit mode. This allows use of 
a smaller and lighter battery than would 
otherwise be required —a good thing if you 
are jumping out of an airplane with the set 
strapped to you. 
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Based on serial number information in 
the manual, more than 7,000 AN/PPN-2s 
were made. Today, they are ultra-rare, most 
likely because they would been of little 
interest to hams and because the possible 
presence of an internal detonator would 
have made them undesirable for surplus 
Beales 60 pnandle. Ay’ 2007" Mc 
superregenerative receiver and alow-output 
transmitter with no voice modulator and 
no usable audio output from the receiver 
(more on this below) would not have been 
of any use to hams without so many 
modifications that it would have been easier 
to start from scratch. There are many parts 
in the RT-37 that could have proved useful 
50 or 60 years ago if you were building 
VHF gear, but probably not enough to 
justify buying one just for the parts. 

| Hardware 


~The major components of the AN/PPN- 


2 are the RT-37/PPN-2 receiver/ 
transmitter, the AS-73/PPN-2 antenna, 
and the MX-183/PPN-2 carrying harness. 
The latter isa key item, because you don’t 
wanta poorly designed carrying case when 
you are jumping out of an airplane if you 
want the radio (and the parachutist) to 
survive. The complete AN/PPN-2 set-up, 
ready to be strapped on, weighs about 33 
pounds. 

The RT-37 is remarkably small, about 
the size and shape of a Command 
transmitter placed on its side. It measures 
about 12 x 8 x 6 inches and weighs about 
17 pounds. The electronics are built ona 
steel chassis that is about an inch deep — it 
could be described as a small cookie sheet. 
The power supply components take up 
about half of the chassis, and the bottom of 
this section is shielded with a sheet metal 
cover. This cover is part of the shielding 


za 


Figure 5, Command Transmitter vs. RT-37/PPN-2: Both are capable pieces 
of equipment, but all that the RT-37 needs to operate is an antenna. A nice 
illustration of the advances in electronics from the mid-to-late thirties when 
the transmitter was designed to the early forties for the RT-37. 
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Figure 6, Upper-Chassis View of the RT-37: The battery holder is on the left. 
The power supply occupies the right half of the chassis, the RF section the left 
half. The hole adjacent to the channel selectors is the top of the flange that 


supports the antenna mast. 


required to suppress vibrator noise. The 
chassis has large cut-outs for the transmitter 
and receiver channel selector hardware. 
Larger components are mounted above the 
chassis, and oriented vertically to use space 
efficiently. The designers did an excellent 
job in this regard — there is little empty 
space on the top of the chassis. 

The channel select hardware is similar for 
both transmitter and receiver and is a 
complex mechanical device. It has detents 
for each channel, and little cam-driven 
channel identifier flags that pop into small 
windows at each detent position. In the 
transmitter, the channel select knob drives 
two dual variable capacitors (one in the 
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cathode, i.e., filament circuit, the other in 
the plate circuit) that set the frequency for 
each channel. The capacitors are driven via 
a worm gear. The knob for the receiver, 
through a gear reduction drive, varies the 
tap on a tiny rotary inductor to set the 
frequency. Both the transmitter and receiver 
tune continuously — each “channel” is just 
a mechanical detent, and aligning a channel 
to the correct frequency involves making 
only a mechanical rather than an electrical 
adjustment. This brings to mind the “Flick” 
memories on the British Model 19 tank 
transceiver, and the autotune memories on 
the Collins ART-13 and other Collins 
equipment. 
December 2016 
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Figure 7: Under-Chassis View of the RT-37: The power supply is on the right, 
the RF section on the left. The hole in the center is for the mast flange. The 
receiver RF amplifier is at the upper left, the transmitter is at the lower left, 
where the tuned lines for the plate circuit are visible. 


The tube sockets are all phenolic, except 
for the two in the final stage of the 
transmitter — they are ceramic with 
unneeded pins not installed. The tubes are 
held in place with spring clips with a small 
grommet used as a cushion between the 
clip and the top of each tube. Remarkably, 
the grommets, and all other flexible plastic 
in my set are as soft and pliable as when it 
was all made more than 70 years ago. 

The chassis is mounted on a heavy cast 
aluminum plate. There is an additional 
thin sheet metal shield that sits between the 
bottom of the chassis and the aluminum 
plate to provide more noise reduction. The 
top cover is formed from thin aluminum 
sheet, with gaskets sealing each opening in 
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the cover. Six screw-type latches seal the 
cover against a gasket running around the 
bottom plate. All of this makes the unit 
splash-proof, and submersion proof” for 
short periods of time.” The nuts used to 
tighten the latches are not captive, with the 
result that I spent considerable time under 
my test bench looking for one, but atleast 
no one was shooting at me, and it was warm 
and dry down there. The antenna mast is 
supported by a flange on the bottom plate 
that extends up to an opening in the cover. 

The antenna assembly consists of nine 
sections of mast with the ground-plane 
antenna at the top. [he mast sections are 
connected by a stainless steel wire and are 
under spring tension, as are the ground 
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plane elements. You can assemble the 
antenna in just a few seconds even with no 
training (I have not tried assembling it in 
the dark.) The mast fits into a hole in the 
RT-37 and connects to it with a length of. 
RG-58/U coax that is terminated with a 
PL-259 connector. Two additional 25 foot 
lengths of RG-58/U coax are included 
with the AN/PPN-2. These are used when 
the antenna is placed higher in the air, by 
putting it in a tree or ona structure. 

After the receive and transmit channels 
have been selected, “protective covers” can 
be placed over the channel selectors to 
prevent accidental changes to the channel 
settings. The procedure is fora “gland nut” 
to be removed from each selector and 
replaced with the protective cover. 
Interestingly, the protective covers were 
not supplied with the AN/PPN-2. They 
were to be obtained from a signals officer 
but where/how the officer obtained these 
covers is not explained in the manual nor is 
there a precaution about keeping track of 
the gland nuts - maybe the signals officer 
was supposed to keep them. 

This is the only set I own that has 
provision for carrying an explosive destruct 
charge. The charge would be contained in 
4 metal tube that extends into the RT-37, 
and is accessed by unscrewing a red cap on 
the panel. The instruction for destroying 
the equipmentis that the user is to first pull 
the destruct cord, “Then run.” You want to 
be 25 feet away when the explosive goes 
off. And you can be sure that I was very 
careful about verifying that my RT-37 
was, in fact, unloaded! To destroy the 
antenna and counterpoise rods, the manual 
instructs that, if possible, they be cut into 
small pieces “To prevent the enemy from 
figuring out the frequency used by the set.” 
It then adds, helpfully, that the pieces may 
be pushed into the ground with your foot. 


The explosive charge was only installed 
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when the RT-37 was deployed on an actual 
operation, and was supposed to be removed 
at its conclusion, but I doubt that many 
RT-37s ever made it back home after an 
operation. 

My RT-37 was manufactured by Galvin 
Manufacturing Corporation (Motorola), 
serial number 2482, with a contract date of 
1944. The ID tag does not indicate the 
manufacturer, but the name is stamped on 
the inside of the chassis cover and on the 
housing for the power transformer. The 
unit is in excellent/unused condition except 
for a dent in a corner of the case. I finally 
decided to leave it as-is, assuming that I 
would only make it worse. An auto body 
person could probably repair it, but I will 
leave that to the next owner. 

Manual 

The manual, TM 11-1145, is dated 19 
August 1944 but includes supplements 
dated November and December 1944, 
with the December supplement itself 
further updated with a February 1945 
correction that is pasted on top of part of it! 
The November supplement is the big one, 
running 17 pages. These supplements have 
serial number information on the number 
of PPN-2s actually produced, information 
that is usually unavailable for military sets. 

The December supplement indicates 
that its corrections apply to sets with serial 
numbers from “2617 to 7902 inclusive’. 
The February 1945 addendum warns of 
several changes that “DO NOT APPLY’ to 
sets with serial numbers from 1 to 460. All 
of this indicates that almost 8,000 AN/ 
PPN-2s were made, an astonishing quantity 
in view of their intended purpose. It is 
possible that a majority of them were 
intended for the invasion of Japan. 

The manual is classified “Confidential”, 
but that classification was removed in 1946 
so it is now OK to describe in detail the 
electronics of the AN/PPN-2. When I saw 
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the Confidential classification I had to look 
through all of my military manuals, and 
found most of them to be “Restricted” and 
a few that carried no classification. I suppose 
that all WWII radar equipment manuals 
were initially classified as Confidential. 
The maintenance section is especially 
thorough. There are 10 beautifully detailed 
drawings identifying all of the parts. Other 
drawings show voltages at socket terminals, 
with separate drawings for readings taken 
with both a VTVM and VOM, and two 
more drawings showing voltages at each 
terminal strip lug, again measured both 
ways. And yet, there are more drawings 
showing resistance at each socket and 
terminal strip. The latter drawing includes 
the resistance at each feedthrough capacitor 
and at other miscellaneous terminals. 
There are detailed sections on alignment 
of both the receiver and transmitter and 
verification of various specifications, such 
as receiver sensitivity, transmitter peak 
output and transmitter pulse widths. All of 
this requires a lot of sophisticated test 
equipment — an oscilloscope, signal and 
pulse generators, etc. The time and 
equipment (not to mention expertise and 
experience) required for this level of work 
make me wonder whether the more usual 
approach to an ailing unit would have been 
to junk it rather than trying to make repairs. 
An example of how hard it was to make 
the R-37 work is to be found in Appendix 
B of the manual, which is concerned with 
“bonding.” It explains that itis important 
that all components mounted on the chassis 
be bonded to it to prevent unacceptable 
levels of vibrator hash. One example from 
the manual: “Power transformer (T105) is 
soldered at four points, bonding the bottom 
cover to the chassis. A bond strap is soldered 
to the side of the transformer case and 
bonds with C-166.” Inall, there are about 


halfa dozen sheet metal bonding straps, as 
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well as several bonds made with short pieces 
of wire. The process of eliminating noise 
sources this way must have been tear-your- 
hair-out work. 

The manual skimps a little on some 
mechanical aspects of the set. How, having 
removed the top cover, you remove the 
chassis from the base plate is not explained. 
It turns out that there are five screws holding 
it, only four of them obvious. I removed the 
four screws, and afterashort time it became 
clear that there Had to be another one, and 
it took a few more minutes to find it. 
Another omission is specific instructions 
for reassembly when you have the cover 
off. Each of the gaskets and washers must 
be in exactly the right place to keep the unit 
splash-proof; one of the gaskets goes under 
the cover, and it took several attempts and 
some head scratching to figure out where 
everything goes. This is where an exploded 
view would have been helpful. Later in the 
section on moisture and fungus-proofing 
the set I found some disassembly 
information, including the fact that there 
are five screws securing the chassis. The 
MFP instruction section is the last place 
you (or I) would look for assembly/ 
disassembly information. 

The theory of operation section is well 
enough written and sufficiently detailed 
that I was able to develop a good 
understanding of how the set actually works 
in spite of the fact that I started this project 
with only sketchy knowledge about the 
electronics of radar systems. Finally, it is 
clear from all of the revisions to the manual 
just how rushed this project was, but in 
spite of this, the technical writers dida nice 
job on it. 

Electronics 

The RT-37 contains a receiver, 
transmitter, trigger circuitry, and two 
vibrator type power supplies, all powered 


by an internal lead-acid battery. The 
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superregenerative receiver uses five 7 pin 
miniature dry-cell type tubes: one 1R5, 
one 3A5, and three 1S5s. It contains the 
following sections: RF. stage, 
superregenerator/quench oscillator, 
detector, two pulse amplifier stages and an 
AGC system. Note that although the 
receiver has an audio output there is no 
separate audio stage. The reason for this 
apparent below. A 


superregenerative receiver was used because 


will become 


of its simplicity and sensitivity, achieved 
with few tubes and consequent small size 
and low power requirements. The broad 
selectivity of the superregenerative receiver 
imposed the penalty that receive and 
transmit frequencies had to be separated by 
5 and preferably 10 Mc. Asa result, fewer 
of the possible transmit/receive channel 
combinations could actually be used. 

The receiver and transmitter are 
connected to the antenna at the same time, 
with no mechanical or electronic switching. 
Instead, there is a 4 wave matching stub 
between the transmitter output connector 
and the receiver RF input coil. This has the 
effect of keeping the transmitter isolated 
from the receiver because the low impedance 
at the receiver input is transformed to a 
high impedanceas seen at transmitter output 
link. The stub has no effect on reception 
because the additional 4 wave section is 
just a small addition to the 9% foot 
transmission line between the receiver and 
the antenna. 

Before the %4 wave matching section 
approach was developed beacons used 
separate receive and transmit antennas 

The receiver has an audio output that 
can be used by the operator to verify that 
the set is working correctly and also to 
verify that a Rebecca signal is being received. 
This audio can also be used as sidetone for 
the operator to monitor his Morse sending 
(more on this below). Oddly, this audio 
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taken not from the 
superregenerative detector, but from the 
RF amplifier stage. The reason for this is 
that the Eureka audio outputis not actually 
from a received signal. Rather, the audio 
that the operator hears is his Eureka’s 
transmitted response to an incoming Rebecca 
signal. Although it is attenuated by the 
wave matching stub, the transmitted 
Eureka signal is very strong at the RF 
amplifier grid, and because of being 
overloaded, the rectifying (detecting) action 
in the RF tube produces the audio output. 
The Rebecca pulse repetition rate is in the 
audio range, and so is the Eureka response 
as heard in the headset. Elegant! 

The transmitter isa push-pull self-excited 
oscillator using a pair of 3A5s. Instead of 


output is 


solenoid type coils, the inductor on the 
plate side of consists of two silver-plated 
rods about 2% inches long and spaced 
about 1% inches apart. The tuning 
capacitor is a butterfly type, chosen to 
maintain the symmetry of the circuit. The 
set-up on the filament/cathode side is 
similar. Output is taken from a pick-up 
loop on the filament side of the oscillator 
and is connected directly to the antenna 
post. The 1945 ARRL Handbook shows a 
transmitter similar to this one, albeit with 
a much simpler mechanical design. The 
mechanical design of the transmitter was 
aimed at achieving high Q, which was 
needed to achieve the required frequency 
stability. 

In operation, the 3A5 the grids are biased 
beyond cut-off by the modulator stage, 
keeping the transmitter inoperative. 
Rebecca radar pulses detected by the 
receiver are amplified and applied to the 
3A5 grids. By “detected” here I mean 
“converted to DC” by the diode detector 
that follows the superregenerator stage. 
The Rebecca pulses are about 5 pS 
(microseconds) long, and at 200 Mc 
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Figure 8: Close-up of the transmitter plate circuit. 
The butterfly cap is positioned to Channel “D”. 
The 3A5s are visible behind the capacitor. The 
channel selector hardware is visible just above the 
capacitor. Note the hold-down grommets at the 
tops of the tubes. The grommet rubber is as good as 
new, even after seventy years. 


contain about 1,000 cycles of 200 
megacycle AC. The detector converts these 
RF pulses into a DC voltage of the same 5 
s pulse width. These DC pulses, following 
two stages of amplification, are used to 
overcome the cut-off bias, keying the 
transmitter for the duration of the pulse. A 
string of received pulses thus keys the 
transmitter (ata different frequency) ona 
one-for-one basis. Circuit constants in the 
modulator broaden the Eureka response 
pulses to about 8 s. The modulator is a 
“blocking oscillator” —a circuit that takes 
incoming pulses which can vary in 
amplitude and width, and generates output 
pulses of constant amplitude and width. It 
is these output pulses that are applied to 
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the 3A5 grids. 

An interesting circuit 
twist in the transmitter is 
that only one section ofeach 
3A5 is used, and switching 
the two tubes puts the 
opposite section of each 
tube in the circuit, which 
could restore the transmitter 
to operation in case ofa3A5 
failure. This is a clever idea, 
ifnota practical one—fora 
PPN-2 deployed on an 
operation it is hard to 
imagine anyone removing 
the case and swapping tubes 
if the set failed, especially in 
the dark, and with people 
shooting at you. Under less 
stressful circumstances, 
both tubes would have been 
replaced. 

In connection with this, 
one of the manual updates 
inserts a warning that the 
three tubes in the 
transmitter have a very 
short life and cannot be depended upon to 
operate for more than 70 hours. It mandates 
that if these tubes have 10 or more hours of 
use that they be replaced before 
deployment of the unit on a “tactical 
mission.” The transmitter tubes are 
operated with 480 volts on their plates. 
This is beyond their “design average” 
maximum plate voltage of 135 volts. I 
assume that this works because of the low 
duty cycle conditions they run at, but the 
480 volts probably accounts for their short 
operating life. There will be more on this in 
part 2 of this article. 


ER 
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Weegee, the ER traveling photographer says, “Help keep my Speed Graphicactive! Weare 
always looking for good photos, especially we need attractive photos for Electric Radio 


covers.” 


Jerry Robinson (N4KJ) sent this photo of Field Day 1970, taken in the 
parking lot of Hammarlund in Mars Hill, NC. Jerry says, “...this brings back 
a lot of memories. In the back standing are: Unknown, Cash Greg W4DPF 
(SK), Roger Williams KD4CI, Ralph Roberts W5VE, unknown. Seated in 
front are: Frank Hill WB4JMG (SK), Sam Blalock on six meters, his son, and, 
finally, me, Jerry Robinson, N4KJ “arm-stronging” the beam. Hammarlund 
closed a couple years later. So sad. Good ole days!” 
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Gary Halverson (K6GLH) is a proud new Gramps as of November 23, 2016. 
His daughter, Caitlin, and husband Shane named the baby girl Keira 
Madison Miller. She was 6 pounds and 6.6 ounces at birth and healthy. Keira 


arrived home just in time for Thanksgiving dinner at Grandma’s around 
2pm in San Jose, CA. 
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Novice cRig GRound-up 


Get Your Novice On! 


Call CQ NRR Feb 18 thru 27, 2017, cw 
on 10, 15, 40 & 80 meters 


www .movicerigroundup.com 


The Greater Cincinnati ARA 1936 160 meter net will hold its annual AM night on 
December 29, 2016. The net is normally conducted each Thursday at 9PM EST in LSB 
but on the last Thursday of the year we switch to AM. The official start time is 9PM EST, 
however on AM night a pre-list of check-in’s will be taken starting at 6PM EST. The 
frequency will be 1936 kHzas usual. The net, founded in 1936 and revitalized in 1986 
on the 50th anniversary of the GCARA, is one of the oldest nets in the country. AM rigs 
of every vintage and description are welcome. Please join us December 29th for some “gud 
ole” 160 meter Angel Music! 
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AM Carrier Net: Sunday mornings, 8:30AM local Eastern time, 3835 kc. QSX W2DAP. Friendly format. 
Antique Wireless Association AM Net: Sunday 16:00 EST, 3837 kc; Sunday 19:00 EDT. QSX Joe, W3GMS 

Arizona AM Nets: Sat & Sun: 160M 1885 kc @ sunrise. 75M 3855 kc @6 AM MST. 40M 7293 kc 10 AM MST. 6M 50.4 
Mc Sat 8PM MST. Tuesday: 2M 144.45 7:30 PM MST. 

Boatanchors CW Group: QNI “CQ BA or CQ GB” 3546.5, 7050, 7147, 10120, 14050 kc. Check 80M winter nights, 40 
summer nights, 20 and 30 meters day. Informal nightly net about 0200-0400Z. 

California Early Bird Net: Sat. mornings @ 8 AM PST on 3870 kc. 

California Vintage SSB Net: Sun. mornings @ 8AM PST on 3860 +/- 

Colorado Morning Net: Informal AMers on 3875 kc daily, Mornings Only at 6:00 AM MT MT, OSX K@O] 
Collins Collectors Association Nets: Sunday, 14.263 Mc @ 2000Z. Informal Tue. & Thurs. eve. 3805 kc @ 2100 ET. West Coast 
75M net, 3895 kc 2000 PT. 10M AM net 1800Z, 29.05 Mc Sunday, QSX 1700Z. CCA First Wednesday AM Night monthly, 3880 
ke starting @ 2000 CST, or 0200 UTC. 

Drake Technical Net: Sunday 7238 kc, 4PM Eastern. QSX Jeff (WA8SAJ), Mark (WBOIQK), Doug (WIDCQ), Bob (W4WTO), 
Evan (K9SQG) 

Drake Users Net: Check 3865 kc, Tue. nights @ 8 PM ET. QSX Evan (K9SQG) 

Drake WestCoast Net: 3895 KHz +/- QRM, Thursdays at 8:00 PM Pacific Time 

DX-60 Net: Meets on 3880 Kc @ 0800 AM, ET on Sun. QSX op is Mike (N8ECR), with alternates. 

Eastern AM Swap Net: Thu. evenings on 3885 kc @ 7:30 PM ET. Net is for exchange of AM related equipment only. 

Florida AM Group: Sunday Morning Roundtable 3885 kc, 6:30AM Eastern Time, with 6AM Eastern Time pre-net. QSX 
for both nets Warren, W1GUD . 

Fort Wayne Area 6-Meter AM net: Meets nightly @ 7 PM ET on 50.58 Mc. Another long-time AM net, meeting since the late “50s. 
Most members use vintage and homebrew equipment. 

Gulf Coast Mullet Society: Thu. @ 6PM CT, 3885 kc, QSX control op W4GCM in Pensacola. 

Grey Hair Net: A continuous active net since 11/24/1953! 160 meter AM Tue. evening 1945 kc @8:00 PM EST and 8:30 EDT. 
Heathkit Net: Sun. on 14.293 Mc 2030Z right after the Vintage SSB net. QSX op W6LRG, Don. 

K1JCL 6-meter AM repeater: Operates 50.4 Mc in, 50.4 Mc out. Repeater QTH is Connecticut. 

K6HQI Memorial 20 Meter Net: Flagship AM net 14.286 Mc daily for 25+ years. Check 5:00 PM Pacific Time. 

Lake Erie Boatanchor CW Group (LEBN): Saturdays @9 AM ET on 7092 kc. QSX op Ron (W8KYD) or Jeff (K3KYR) 
Midwest Classic Radio Net: Sat. morning 3885 kc @ 7:30 AM, CT. Only AM checkins. Swap/sale, hamfest info, tech. help 
Mighty Elmac Net: Wed. nights @8PM ET (not the first Wed., reserved for CCA AM Net), 3880 +5 kc. QSX: NSECR 
MOKAM AM’ers: 1500Z Mon. thru Fri. on 3885 kc. A ragchew net open to all interested in old equipment. 

Northwest AM Net: AM daily 3870 kc 3PM-5PM winter, 5-7 PM summer, local. 6M @50.4 Mc. Sun., Wed. @8:00 PM. 2M Tues. 
and Thurs. @ 8:00 PM on 144.4 Mc. 

Nostalgia/Hi-Fi Net: Started in 1978, this net meets Fri. @7 PM PT, 1930 kc. 

Old Buzzards Net: Daily @10 AM ET, 3945 kc in the New England area. QSX op Paul (W1ECO) 

Old Military Radio Net: East coast, Sat. mornings starting 0500, 3885 kc +/- QRM. QSX Ted, W3PWW. It isn't necessary to check 
in with military gear, but that is what this net is all about. Late checkins are welcome. 

Philadelphia Area 6 Meter AM Net: Every Wednesday night 9PM, about 50.400. QSX Bill, W3KBS 

Southeast AM Radio Club: Tue. evening swap, 3885 @7:30 ET/6:30 CT. QSX op Andy (WA4KCY), Sam (KF4TXQ), Wayne 
(WB4WB). SAMRC also for Sun. Morning Coffee Club Net, 3885 @ 7:30 ET, 6:30 CT. 

Southern Calif. Sun. Morning 6 Meter AM Net: 10 AM on 50.4 Mc. QSX op is Will (AAGDD). 

Swan Nets: Users Net Sun 2100z 14.293Mc+/- QRM. QSX op rotates Jim (WASBDR), Ron (KC7PSY), Bill W4WHW), Jay 
(WBOMWL). Tech Nets: Mon 2300z 14.252Mc QSX op Steven (KB7BGS) / Sat 2-4pm ET 7.235Mc QSX op Stu (K4BOV) 
Texoma Trader’s Net: Sat. morning 8:00AM CT 3890 kc, AM & vintage equip. swap net. 

Vintage SSB Net: Sunday 1900Z-2000Z 14.293 & Wednesday 0300Z. QSX Lynn (KSLYN), or Adolph (WASIGG) or Vince (WB4BPS) 
West Coast AMI Net: 3870 kc, Wed. 8PM Pacific Time (winter). Net control rotates: Brian (NIGQ) Ist Wed, George 
(WAGHCX) 2nd Wed, Sharon (K6IRD) 3rd Wed, Ron (W6OM) 4th Wed, Vic (K6IC) if 5th Wed in a month. 
Westcoast Military Radio Collectors Net: Sat. @ 2100 Pacific Time 3985 ke +/- QRM. QSX W7QHO. www.mrcgwest.org 
West Coast Vintage Military Radio Net: Sunday at 8 AM local Pacific Time, 3974 kc AM 

Wireless Set No. 19 Net: Second Sun. 7270 kc (+/- 25 Kc) @ 1800Z. Alternate 3760 kc, +/- 25 kc. QSX Dave (VAZORP). 
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CLASSIFIEDS 


Advertising Information: Please Read 
Ads received AFTER the deadline will be held for 
the NEXT issue. 


monthly, directly below where it says “Deadline.” Email is prefered for 
receiving ads. Ads usually run ONE month unless otherwise requested. 
Please email for the display ad rates, they are different from regular 


classified ads. 


How to Count Words: The words “FOR SALE” or “WANTED” and 
all of your contact information counts as 7 words total no matter how 
many real words there may be. Contact information is: Your name, 
address, phone, email, etc. Then, 20 minus 7 equals 13 words remaining 
for the description. Hyphenated and slashed words/numbers count as 
2 words. 


Subscribers receive 1 free 20-word ad per month. Extra words 
are 20 cents. Please count the words in your ad as described 
above, and if you are over 20 words, send payment for the extra 
words at 20 cents for each word. Not all readers use email, so 
include phone numbers if a response is desired. 


No Free Words for Non-subscribers: $15.00 minimum for each ad up 
to 20 words. Each additional word is $1.00. 

Electric Radio 

PO Box 242 

Bailey, Colorado 80421-0242 

Ray@ERmag.com (Emailed ads are preferred.) 


@- DEADLINE for January 2017 is Wednesday, 


Jack, AD5VO, 2 Pecan Grove Circle, 
Lucas, TX 75002, 972-542-2056 


FOR SALE: WWII through Vietnam 
military radios, Elmac and Johnson, 


MANUALS FOR SALE: Military Radio 
manuals, original. & reprints. List for 
address label & $1.50. For specific 
requests, feel free to write or (best) 


email. Robert Downs, 2027 Mapleton 
Dre Houston, eX 1/043; 
wad5cab @cs.com 


FOR SALE: COLLINS 20V-2 and 820D- 
1, AM transmitters, Good condition. 
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tubes and manuals. Must clear out 
basement workshop. For more 
information e-mail Roger, KORMK, 
mrshi8st8or5y @cox.net or leave a 
message at 316-941-4318 


December 2016 


FOR SALE OR TRADE; Collins Type 
16F-1 Commercial Transmitter for 
Amateur Radio. Trade for BC-610, 
Transmitter BC-614/HT—5, Speech 
Amp, BC-729 Tuning unit or other parts 
fora SCR-299, or BC191 Transmitter 
Dynamotor etc. complete. Local pick- 
up, Longmont, Colorado. 
WildBillKOIKP @ aol.com, 303-229- 
4611. 


FOR SALE: GRC-9, GN-58, DY-88F, 
BX-53D and more. Will ship. Andy, 
K6RY, Fresno, CA, 
candoandys @ aol.com, 559-903-2482 


FOR SALE: Jukebox: AMI 1948 Model 
B, needs repair, pick up only, $950. 
Toshi Yamada, 7107 175th PL SW, 
Edmonds, WA 98026, 
ja1ftc @ hotmail.com 


FOR SALE: Over 600 vacuum tubes. 
Tube listing/prices willbe emailed upon 
request. John (KI6ZS) email: 
jve @ earthlink.net. 818-887-6119 


FOR SALE: Brown Bros. Mach. Co. 
BTL-A paddles $70 + shipping. McElroy 
Model 200, straight key. $35 + shipping. 
Email for info & photos. Gary, KOCX, 
Rapid City, SD kzerocx @ rap.midco.net 


FOR SALE Several German Radios. 
Large, Small Consoles. Call Howard 
Felder 301-320-3028 


FOR SALE: Kenwood TS 520 , MC 50 
mic, remote VFO, $365. Bencher 
lambic Paddle BY-1,$45. Denton Super 
Tuner 160-10AT 1kw, $75. CDE Ham Il 
Rotor-Cleaned and Lubricated, $150. 
Yeasu G 1000DXA Rotor, $300. Heath 
DX 100 Transmitter, $45. Prices do not 
include shipping. Contact Roger 
Reader, KAOBKK, 608-783-0723 or 
readers @centurytel.net 
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FOR SALE: FT-9700R, hamfest prize, 
unopened, save $50.00. Vibroplex 
Champion, Excellent $79.00. George 
Stevens, WMATA, PO Box 704, 
Longmont, Co. 80502. 
vintagegs663 @ gmail.com, 3037769036 


FOR SALE: Collins KWM-2A, original 
power supply and phone patch/ 
wattmeter, $1,500. EFJ Viking II w/ 
VFO, $400. Clegg Venus w/power 
supply, $450. All work, with manuals. 
Photos available. Ship your expense or 
pick up in Western N.C. Keith, 
kmiller @ ccvn.com, 828-682-4379 


FOR SALE: Drake R4, $125. R4A, 
$150. R4B, $175. T4X, $125. T4XB, 
$150. T4XC, $175. TR4CW with RIT/ 
NB $1,000. RV4, $100. RV4C, $125. 
2BQ, $100. All VGC. No AC supply. 
Shipping per unit. Double Box. Don, 
K5AAD, 713-942-9747. 
Cbusick @ SBCglobal.net 


FOR SALE: Collins KWM-2A, RE, 
$1,000. 399C-1, $1,500. 75S-2 with 
NB/CW, $800. 32S-2 $800. No AC 
Supply. Guaranteed. Prices FOB 
Houston. $30/unit shipping. Don, 
K5AAD, 713-942-9747. 
Cbusick @ SBCglobal.net 


FOR SALE: Central Electronics 100V, 
Johnson Thunderbolt, manuals 
$950.00. Won't split up or ship. Victor 
WD8DWR @arrl.net 810-367-2087 


FOR SALE: CQ Mags 3-1947 19 CQ 
1971 to 1973 Make Offer Shipping 
$14.00 Dave, daves2 @ enventis.net 


FOR SALE: Heathkit VHF-1 Seneca 6 
& 2meter CW/AM transmitter, a project 
radio. Front panel is in good condition, 
all knobs are correct. Price $35 plus 
shipping. Tom, KOGIE, 
KOGIE @arrl.net, 719 488-8164 
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COLLINS S-LINE & DRAKE R4 RECEIVERS 
GENERAL COVERAGE TO 30MHz 


COLLINS 
Tune Using 
The VFO Or 
Receiver Dial 


Switch 
Between 
Ham Band 
Crystals 
Or VFO 1000 


DRAKE 
All Tunin 
Is Done With 
The VFO 1000 


Complete 
Digital Control | 
Highest 
Accuracy A And 

Stability 


Uses The Latest Direct Digital Synthesizer Technology 


There are 30 tunable bands (memories) that can easily be assigned to your 
favorite frequencies, or bands. All tuning can be done using the VFO 1000. 
Tuning steps are 10Hz, 100Hz, 1KHz, and 5KHz. Easy installation on both 
receivers. Simply plug the interface into the receiver and connect the cable. 
The LCD display is blue backlit with white characters. There are no receiver 


modifications required. 


Also Available for Hammarlund, Hallicrafters, National, & others. 
Provides Digital Accuracy, Stability, & Resolution for tuning SSB 


More Info & Order At kk4pk.com °« $250.00 + $10 S/H 


FOR SALE: 1962 Amelco R-390A audio 
subchassis modified for 6AQ5 8 ohm 
output per WU2D’s “Simple Audio for 
the R-390A” in ER #181, $125.00 plus 
shipping. Original R-390A Line Level 
and Carrier Level meters, good 
condition, both $75 shipping included. 
Contact Ray at ER, 720-924-0171 or 
via email, Ray@ERmag.com 


FOR SALE: 8 repairable 1930’s wooden 
console radios. Call for more info, 
Walter, 718-456-1988 


FOR SALE: Alpha 9500 amplifier, 
$4000. Email wes0331 @ gmail.com or 
phone 520-398-2722 
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FOR SALE: Collins 75A-4 receiver, 
restored and documented by the famous 
Howard Mills, W3HM. Price: $1,750 
plus packing, S&H. Contact Parker, 
W1YG, 860-575-6377 


FOR SALE: Collins 204H-1 Amplifier 
with Manual. Serial #1, is essentially a 
pair of 30S-1s in single rack cabinet. 
Accepted amp in exchange for tower 
work, thinking I'd get aroundto restoring 
it, but hasn’t happened. Pix available. 
Stored in garage in MD. $2000.00. 
Don, K4ZA, 704-408-7948 or 
k4za @juno.com 
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W7FG True Ladder Line art 


Wire Antennas 
¢ 600 Ohm Open-Wire Ladder Line 
¢ The most trusted, reliable, all-band 
doublet for 20 years. 
¢ Thousands in Use, Sold Worldwide 
e Use coupon code “ER” for 10% 
discount. 


www.trueladderline.com 
802-598-6825 


TrueLadderLine.com 


SACRIFICE: Antique Radio Classified 
magazine collection, 1995 to 2012, 
complete, good condition, Just pay 
shipping, CONUS. Louis D’Antuono, 
WA2CBZ, 8802 Ridge Blvd, APT C-2, 
Brooklyn, NY 11209 718-748-9612, Call 
After 6 PM EST 


FOR SALE: HF Radio interfering with 
your phones? Try these plug and play 
filters. 1st for $4, others $3 each plus 
shipping. Brian Harris WA5UEK 
cosmophone @ yahoo.com 


FOR SALE: Collins 30K-5 transmitter, 
restored and complete, pictures 
available, restored by Howard Mills, in 
Very good condition, $7,500. Contact 
Jim Stitzinger, WASCEX, 818-519-4419 
jstitz @ pacbell.net 


CRYSTALS FOR SALE: FT-243, HC- 
6U Drake Collins etc. http:// 
www.af4k.com Brian, AF4K, Phone: 
321-262-5471 
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Hayseed Hamfest LLC - Cedar Rapids, lowa 


CAN CAPACITORS 


Ccan-caps.com 


FOR SALE/TRADE: Original manuals: 
sencore, Sprague, Supreme, 
Precision, B&K, Accurate, RCA, 
Simpson, Triplett, Hickok, Conar, 
Boonton, Dumont, EICO, Genave, 
Knight, Lafayette, Heathkit. NI4Q, POB 
690098, Orlando, FL 32869. 407-351- 
5536, ni4q @juno.com 


FOR SALE: Hallicrafters SX115 new 
VFO dial overlays. Make your dial like 
new. $25. Phone: 330-658-5035, 
WBOIQK @ARRL.NET 


FOR SALE: Heathkit DX-100 front 
panels. Brand new, color matched & 
silk-screened. Picture available. $90.00 
+ shipping. Walt Korab, 570-421-8371, 
wefnz @ verizon.net 


FOR SALE. NOS Cutler Hammer toggle 
switches. SPST 20A @ 125V. DPST 
16A @ 125V $5.00 apiece plus shipping. 
John H. Walker Jr., 13406 W 128th 
Terr., Overland Park, KS 66213. PH 
913-782-6455, EMail 
jwalker83 @ kc.rr.com 


FOR SALE: Heathkit Book: Classic 
Heathkit Electronic Test Equipment by 
Jeff Tranter. $19.95 from lulu.com and 
amazon.com 


FOR SALE: Obsolete Triplett meter, 
tester and hardware parts. Need Triplett 
number from manual. Unused stock. 
Bigelow Electronics, PO Box 125J 
Bluffton, OH 45817-0125 


t=2 
—_—~ 
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WANTED 


Ham Radio, Vintage Audio 
and Tubes 


Based out of Nevada, we travel the 
Western United States buying sur- 
plus equipment. We buy vintage 
and modern ham gear, as well as | 
high fidelity audio and tubes! 


Ham Gear Vintage Audio | 


Tubes _ Large Speakers : 
Military Equip | : = lephone Equip 
Boat Anchors Old Computers ie 
Manuals _ Test Equip he 


Components .. and more! — 


Call or email for info... 
1-866-988-0073 
KG7LOV@hamandhifi.com 


ay 


FOR SALE/TRADE: Transmitting/ 
Receiving tubes, new and used. LSASE 
or email for list. WANTED: Taylor F52, 
8008, TR40M and Eimac 100IG. John 
H. Walker Jr., 138406 W. 128th Terr., 
Overland Park, KS 66213. PH: 913- 
782-6455, E-Mail: 
jwalker83 @ kc.rr.com 


SERVICE FOR SALE: Repair, upgrade, 
performance modification of tube 
comm. & test equip. Accepting most 
military, all Collins & Drake, & better 
efforts from others. Laboratory 
performance documentation on request. 
Work guaranteed. Chuck Felton, 
KD@ZS, Felton Electronic Design, 1115 
S. Greeley Hwy, Cheyenne, WY 82007. 
307-634-5858 email: 
feltondesign @ yahoo.com 


FOR SALE: Quality reprints for Ameco, 
Clegg, Collins, Gonset, Hallicrafters, 
Hammarlund, Johnson, National, WRL, 
and others. 73, Ken, 
www.RadioReprints.com. 


DRAKE OWNERS: Solid State LED 
Lamp replacements for all 4-line and 7- 
line equipment. Don, N9OO, WEB: 
www.radiolabworks.com/products or 
phone 262-358-0266 


SERVICE FOR SALE: R390A repairs 
& rebuilding. Bill Riches, WA2DVU, 
Cape May, NJ. 609-465-5005 
bill. riches @ verizon.net 


QSLs FOR SALE: Your old QSL card? 
Search by call free, buy find at $3.50 
ppd. Chuck, NZ5M, nz5m @arrl.net 
SERVICE FOR SALE: Let’s get that 
old radio of yours working again! Antique 
Radio Repair - All Makes- Also 
Transistor Radio Repair. Tom Senne, 
AC8DA, 937-258-0124, Dayton OH, 
http://TomsAntiqueRadioRepair.com 
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FOR SALE: 60 years of electronic 
parts by mail. Components, Hardware, 
Tubes Meters. Free Flyer USA. Bigelow 
Electronics, POB 125, Bluffton, OH 
45817-0125. 419-358-7851 


MANUALS FOR SALE: Hundreds of 
manuals available for vintage ham gear, 
test equipment and other electronics. 
High quality photocopies at reasonable 
prices. Some originals also available. 
Please email or call with your needs. 
David Crowell, KA1EDP, 401-934-1845 
ka1edp @ yahoo.com 


SERVICE FOR SALE: Authorized 
repairs and sales of all types of amateur 
radio, communications, and test 
equipment. Please call Land Air 
Communications, 718-847-3090, visit 
our web site: www.landaircom.com. 
We have over 3,000 items in inventory 
and carry all types of communications 
parts. 


ACCESSORIES FOR SALE: Spun 
Aluminum Knob Inlays for most 
Boatanchors. Collins Dial Drum 
Overlays. Dakaware Knobs. Charlie 
Talbott, 13192 Pinnacle Lane, Leesburg 
VA 20176-6146. 540-822-5643, 
k3ich @ arrl.net 


SERVICE FOR SALE: SMO and 
module repair for KWT-6, URC-32 and 
other Collins radios. Jim Whartenby, 
antqradio@sbcglobal.net, 501-282- 
2991 


SERVICE FOR SALE: | build hot-rod 
receivers: R-390A, SP-600, and 
transmitters: Valiant, DX-100, T-4X-A- 
B, AF-67. Chuck Felton, KD@ZS, 
Cheyenne Wyoming, 307-634-5858, 
www .feltondesign.com 

INFO - see www.navy-radio.com for 
photos and info on Navy radio gear. 
Nick, K4ANYW, navy.radio @ gmail.com 
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Mil-Spec Communications 
R-390, R-390A, R-388 & Other Military Receivers 
Sales - Service -Manuals - Parts 


Box 633, Englewood, FL 34295-0633 


Please call us at: 941-474-6818 
FAX: 941-474-7874 
milspec39@@aol.com 

“Since 1985” 


WANTED: Heathkit A7-E amplifier. 
Condition optional, all considered if 
power and output transformers OK 
George, VE3LTU, 519 524 4578, 
gkveSltu @ hurontel.on.ca 


WANTED: 8HY@150ma DC 
(GOOWVDC) Swinging choke (L16) for 
the Eico 720 transmitter. Howard 
WA7QQI QQ! @centurylink.net 


WANTED: SCR-183 Rx. Tx, Coils and 
Boxes e.g. BC-AN-229 and -230. 


for the Radio i ’ 


1. bytroduction 
2. Why Badid with 
Thermatrons 
3. inside the Thermatran 
4, Numbering Systems, 
Bases, Bulbs 
§, Thensairon 
Char; 


6. Keeping the Filaments 
Lit 


12, Thermatron 


The 2nd Edition of Hollow-State Design has over 50 pages of 
new material and revisions including a new chapter on 
thermatron oscillator design. This book has everything you 
need to know about the art and science of thermatron design 
and construction. it is 287, 8.5 x 11" pages. packed with 
hundreds of photos, schematics, diagrams, charts, and 
formulas. Grayson Evans, TA2ZGE/KI7UM has been licensed 
since 1962, grew up on thermatrons, spent 40 years in the 
electronics industry, and is bored to death with solid-state! 


aeoreapasn raamessenebasinenantapeen eiscebpaenndareabataisa ame sapeaiaieinanmtaenaaieat 
NOW Available from the Electric Radio Bookstore! 
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Anthony Norden, MOWWYV, England, 
agwnorden @ aol.com 


WANTED: Pierson KP-81 receiver 
cabinet and matching speaker/PS unit; 
both ARC-5 transmitter relays (K53 
and K54); KC frequency tuning dial 
plate for Collins 75A-2 receiver. 
KA8GEF, zelasko54 @ roadrunner.com 
216-224-8886 


WANTED: Main Tuning Knob for SX- 
100. 10 Henry, 350ma chock for Courier 
Amp. Tom, KOGIE, 719 488 8164, 
KOGIE @ARRL.Net 


WANTED: Navy TDO (Collins) 
transmitter. Had tolet mine go during a 
move, now have the space again. Mark, 
AF1Z, AF1Z @juno.com 386-935-3414 


WANTED: Front panel and meter for 
SB-200. Marty, 908-359-4170, Leave 
Message 


This book has everything you need to 
know about the art and science of 
thermatron design and construction. 
It pulls together thermatron types 
and characteristics, thermatron 
homebrew techniques, and how to 
design audio and RF triode and 
pentode circuits. The book is 233, 8.5 
x 11” pages, packed with hundreds of 
photos, schematics, diagrams, charts, 
and formulas. Grayson Evans, 
TA2ZGE/KJ7UM has been licensed 
since 1962, grew up on thermatrons, 
spent 40 years in the electronics 
industry, and is bored to death with 
solid-state! 


NOW Available from the 
Electric Radio Bookstore! 
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WANTED: General Radio Modulation 
Monitor, Model 1931A. Thanks. Ken 
Kinderman, W2EWL. 
scr274 @ gmail.com. 217-953-1026 


WANTED: for C-47 aircraft restoration 
project, Shock mounts for BC-348, BC- 
375 and SCR-274-N 3 receiver and 2 
transmitter types. Mark McKeown, 
WOPXM, 303-278-3908, 
mmckeown @tde.com 


WANTED: ManualforRT18/ARC-1 and 
C45/ARC-1 control box. Pete 
Hamersma, WB2JWU, PO Box 467, 
Holderness, NH 03245, 
wb2jwu @ myfairpoint.net | 


WANTED: Drake R4C 8khz first IF 
filter. Cash or trade for Sherwood 5khz. 
Carl, W2YH 973-670-9537 or 
Banfield @ ptd.net 


WANTED: Bottom cabinet panel for 
National NC183 (non-D) RX for 
restoration project. Ken, 
klaine @ mac.com 


WANTED: Buzza (Australian) Morse 
Bugs; Buzza “Lightning”, Buzza “100” 
and Buzza “J-36”. Bill Mills (KC4AA), 
478-452-2957 or 
millsend @ windstream.net. 


WANTED: National XCU-7 Calibrator. 
NCX-3 for repair or parts. Curtis Gidding 
KC9UNL 217-359-4017 
curtstamp @ aol.com 


WANTED: Latch for RAS-5 type CNA- 
10037 coil system container. Phil 
Whitehouse, w1gee @ yahoo.com 


WANTED: Looking for 3 older receivers: 
(1) Radio Shack DX 394, (2) Rockwell 
International Model HF 2050, (3) Yeasu 
FRG-8800. Radios should be in good 
electrical/Cosmetic condition. Tom, 
432-837-3679, Texas 
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WANTED: Layfayette KT-390 or Ameco 
TX-86 for future articles. Please contact 
Phil (AC@OB) at spf@ Reagan.com 


WANTED: Collins Manufactured Tubes 
(ca 1936-1938) Need Air Cooled Triodes 
such as C-100E, C-200, C-211, C- 
251A, C-279A, C-300, C-800, C-802, 
C-830B, C-841, C-849, C-852, Water 
Cooled Triodes such as C-207, C-858, 
etc, Air Cooled Rectifiers such as C- 
249A, C-357A, C-866, etc and Water 
Cooled Rectifiers such as C-214, C- 
237A, etc. Jim Stitzinger, WA3CEX, 
23800 Via Irana, Valencia, CA. 91355 
818-519-4419, jstitz @ pacbell.net 


WANTED: Early Hewlett-Packard 
Journals from 1948 to 1955 for former 
employee hoping to complete his 
collection. Steve, W6SSP, 707-544- 
8142, Santa Rosa, CA. 
zarco @sonic.net 


WANTED: 1930's civilian airline radios 
(air or ground station use) Any radios or 
test gear used by FCC (Hallicrafters 
etc) Any HRO style radio made outside 
the USA. Tnx! Brian, KN4R, 
brianharrison @ embarqmail.com 704- 
657-8910 


WANTED: Collins R-389 receiver or 
clunker for parts, or any other R-389 
stuff. Harry Weber, KC9QID, 4845 W. 
107th St., Oak Lawn, IL 60453-5252 


WANTED: Singer Plug Units AR-1, 
AL2Y, UR-3, VR-4 also MF-9 Main 
Frame. Dean, 
deansoderling @ hotmail.com 


WANTED: ARC-5 transmitter racks 
MT 69, 71, 73, 75. Steve, K2DKT, 
skeller53 @ gmail.com, 718-405-8378 


WANTED: The serial number and tube 
complement of your B&W 370 SSB 
Adapter. Grant, nqg5t@tx.rr.com, 214- 
629-8759 
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ZIM ELECTRONICS INRUSH ALAS eds 


Inrush Current Limiters are now available from the_Elec- 
tric Radio Store or on-line! These inrush limiters were 
reviewed in the September 2004 issue of Electric Radio 
and are available in three versions: 


Model AB-1 (With Pilot Light) .................. 
Model AB-1M, (With Voltmeter) .............cccseee $39.95 
Model AB-300M, with meter, 300 watts (2.5 amps x 120 


COCOHOOOLOLEOSOOOOOHHSSHHHSHOHSHHOHOHOHHDHHHHSHSOHOOHOGROSOO® 


Shipping, each limiter ............ccccccccceccesersees 
(Overseas customers please ask for shipping quotes.) 


The Inrush Limiter provides a gentle, slow startup for 
your valuable vintage radio equipment. They also reduce 
the line voltage closer to original design values due to the 
voltage drop across the limiter element. AB-1 and AB- 
1M are 150W. All models come with a full money-back 


guarantee. 


WANTED: Cartoon QSL Cards 
designed by illustrator Otto Eppers 
W8EA - W2EA. Immediate CA$H. 
Pete, NL7XM @arrl.netor PO Box 3026, 
Easton, PA 18043-3026 


WANTED: FCC and RID-relateditems. 
Anything HF/DF related. Black HROs 
and WWIIGerman and Japanese radios. 
R&S SKO010/38202 transmitter docs. 
Thanks! Brian, KN4R, 704-657-8910 or 
brianharrison @ embarqmail.com 


WANTED: PRESS WIRELESS, NY: 
Photos, information wanted on 
Hicksville, Baldwin, Little Neck, 
Centereach, Northville facilities. George 
Flanagan, 42 Cygnet Dr., Smithtown, 
NY 11787 w2krm @ optonline.net 631- 
360-901 1 


ie 
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Electric Radio Store 
720-924-0171 


RELGHT 


Metered Inrush Limiter, 
Models AB-1M, AB-300M 


WANTED: Manual-Schematic VLF loop 
coupling unit NT-47367 CNM-47367 
NAVSHIP POB #900-505. Foruse with 
VLF Loop CNM 66097 or NT-66097. 
Harry Weber, 4845 W 107THST, Oak 
Lawn IL 60453 


WANTED: R-390As. It was built to 
play, not sit and decay. | overhaul and 
find them a good home. Ted @x44.cc 


WANTED: Lots of IERC TR5-5020H 7- 


pin black tube shields! Chuck Felton, 
307-634-5858 


WANTED: National NTE exciter, NSA 
speech amp and NSM speech 
modulator. | still love National! Sylvia 
Thompson, N1VJ, Hopkinton, Rl 401- 
377-4912 


lervice 
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HANG YOUR NEXT WIRE ANTENNA WITH THE NEW 
EZ HANG SQUARE SHOT! 


EZ Hang’s custom construction is welded/ 
bolted steel attached to a reel that is corrosion- 
resistant plastic and stainless steel. New design 
sling shot (U.S. Patent No. 6286495), with new 
wrist support to fit a man’s hand, with new UV 
resistive 11-inch long bands will help you reach 
that extra high shot. The pouch is 1-3/4" wide for 
easy grip. The EZ Hang square shot will clear a 100- 
foot tree with ease. EZ Hang kit is $99.95 + $9.05 
shipping. The EZ Hang comes with a one year 
limited warranty. We now have 13,000 satisfied 


customers around the world! 


540-286-0176 


EZ Hang, Code E 
32 Princess Gillian Court 
Fredericksburg, VA 22406 


www.ezhang.com 


Call Today! 


WANTED: National NTE Exciter to 
complete National 600 Watt Transmitter 
Restoration. Name your price! Brian 
Harris WA5UEK 214-763-5977 
cosmophone @ yahoo.com 


WANTED: Vacuum Tubes: 279A, 
212E, 249B, 258B, 271A, 242A, C120, 
C100A, 804, RK20, CK70, GL805, 
C201, ZB-120, 802. Components for 
Collins 12H/12N speech input console, 
including preamplifiers and program 
amplifiers. Rod, W5CZ, 303-324-2725, 
rodperala @ aol.com 


WANTED: Early QSL cards from my 
Grandfather, Hal Smith (SK). His calls 


First Licensed 
Before 1992? 


if 


were KH6KA, K6YJR, K6OQE. Gladly 
reimburse postage plus modestfinder’s 
fee! Phil Wilson, 1355 Big Otter Dr, 
Blue Ridge, VA 24064 k6cra @ arrl.net 


WANTED: Seeking Ham/SWL/ 
Weather unbuilt kits. Gene Peroni, 
KA6NNR, POB 7164, St. Davids, PA 
19087.215-806-2005 

WANTED: WW II German, Japanese, 
Italian, French equipment, tubes, 
manuals and parts. Bob Graham, 2105 
NW 30th, Oklahoma City, OK 73112. 
405-525-3376, bglcc @ aol.com 
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Licensed today? 


Then you should join these 
distinguished amateurs! 


To Join or Renew visit: 


www.qcwa.org/join-renew.php 


For more information contact 
gm@qcwa.org 
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- Battery & AC receiver restoration 
- Vacuum-tube history & collecting 
- Old-time amateur-radio contests 
- Communications receivers 


iim. 


JOIN THE AWA — Antique Wireless Association 


THE ORIGINAL AND LARGEST HISTORICAL RADIO-COLLECTOR GROUP 
e Publishes the quarterly AWA Journal! with: 


- Free want-sell-swap ads 

- Farly television 

- Horn loudspeaker 

- News of U.S. & foreign clubs 


Membership is only $35/year in U.S.; $40 elsewhere. 
Mail check to: AWA Membership, P.O. Box 421, Dept. ER, Bloomfield, NY 14469-0421 
awamembership@rochester.rr.com 


e Produces the famous 
annual Rochester Meet 


e Maintains unique 
radio-TV museum 


(585) 257-5119 http://www.antiquewireless.org 


Electric Radio Custom 
Coffee Mugs! 


These coffee mugs are nice custom- 
made, 11-ounce white-ceramic mugs 
with the Electric Radio logo in 4 
colors and your name and call sign 
in large letters below the bottom 
border. These are printed in 6 colors. 
They are microwave and dishwasher 
safe! Call for ordering at: 
720-924-0171 
Shipped by UPG............ssce00e. $25.00 
Or on the Internet: 
www.ERmag.com 
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WANTED: Collins R-389 LF receivers, 
parts, documentation, anecdotes, 
antidotes. W5OR Don Reaves, PO 
Box 241455, Little Rock AR, 72223 
W5OR @militaryradio.com or www.r- 
389.militaryradio.com 501-868-1287 


WANTED: Postcards of old wireless 
stations; QSL cards showing pre-WWII 
ham shacks/equip. George, W2KRM, 
NY, w2krm @optonline.net 631-360- 
901 1 | 


WANTED: Manuals, manuals, and 
manuals for radio-related equipment to 
buy or swap. Catalog available. Pete 
Markavage, WA2CWA, 27 Walling St., 
Sayreville, NJ 08872. 732-238-8964 


WANTED: Military radios vintage, 1952 
and back. Ken Kolthoff, KBAXH, 9420 
STE RTE T, Amazonia, MO 64421. 
913-634-3863 


WANTED: Incarcerated ham seeks 
correspondence. w/others on mil (R- 
390’s &backpacks) & tube radios. Also 
copies of postwar-90’s surplus 
catalogs, backpack specs & photos. 
W.K. Smith 44684-083, LSCI Butner— 
GA, PO Box 999, Butner, NC 27509- 
999 


WANTED: R390, R390A and R392 
receivers dead or alive or parts/ 
assemblies. Any condition considered. 


December 2016 


Pe 


Your Resource for * * Collins Radio * * 


Offering Unparalleled Free as well as.. 
.. Exciting Member Benefits 
World Class Signal Magazine 


Visit at collinsradio.org & join the fun 
See our Events Calendar 


Come see what the excitement is about 


Will pickup if you have enough items. 
Glenn, WA4A0OS, 864-684-2956 walkie-talkie. Bob Nickels, 


want to buy a Vanguard/Springfield 


WANTED: I’m looking for information | W9RAN@arrl.net 


about Vanguard Electronic Labs of Hollis 
NY. Needed are catalogs, instruction 
sheets, company history, etc. Also 


Series 1 + Disk 1 
. Drake Co 


Any computer with a 
Adobe Acrobot Reader®, =< 
Performance will vary 
depending on speed of 
the computer. 


Drake Manuals on CD 
The R.L. Drake manuals that were 


compiled by HamManuals are again 
available from Electric Radio! 

This is a high quality 2-CD set of 
manuals for the ham equipment that Drake 


produced. Also included are official Drake 


smodifications and all of the 3rd-party 


modifications by Sherwood Engineering, 
and others. 

Now all of your Drake service 
information can be in one place and you 
won’t have to worry about not having a 
manual when a new piece of equipment 
enters the shack. 

These CDs were originally sold for 
$71.95, but are now available for only 
$24.95, which includes priority shipping. 

Electric Radio 

720-924-0171 or on the Internet: 


www.ERmag.com 
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— ELECTRIC RADIO BACK ISSUES — 
All Electric Radio back issues are either from the original press run, lithographic reprints from 


the original negatives, or digital copies. Shipping prices are for delivery by media mail within 
the USA. Overseas, please inquire for shipping quotes. 
The NEW easy to use on-line search for back articles is at 


https://www.ermag.com/index/ 
e Single Issues: $4.00 Each, Postpaid 


1-Year Sets (Or Any 12 Issues) $40.00 per year + $7.00 S&H 

Special Deal on Any Four Years (Or Any 48 Issues): $110.00 + $8.00 S&H 
Almost all of the back issues of Electric Radio from #1 are available for $450.00 + 
$24.00 S&H, at least a 56% discount the over single-issue price. 
e Fora postpaid 29-page printed back issue index, please send $3. 
¢ Foreign Customers: Please Inquire for Shipping Rates 


— COMPENDIUMS — 


All of the Collins compendiums are packaged in nice 3-ring binders. 
Collins 75A-4 Modification Compendium: All the factory modification bulletins from Collins Radio Co., and all 
the articles printed in CQ, Ham Radio, QST and ER over the last 45 years, now 108 pages, $20.00 plus $5.75 
S&H. 
Collins S-Line, KWM-1, KWM-2, KWM-2A Service Modification Compendium: 260 pages, $45.00 plus 
$6.75 S&H. 
Collins KWS-1, 32V series, and 75A series (A1 thru A-4): 43 pages-------------------- 15.00 plus $5.75 S&H 


— BOOKS — 


A. Atwater Kent, The Man, the Manufacturer and His Radios: This 108 page book describes Kent's biog- 
raphy, his rise from a saleman and inventor of electrical equipment one of America’s foremost radio manufactur- 
ers. There are historic photographs and diagrams on nearly every page, and color plates with vintage AK 
AdVertiSing. ------------------------------------- 2-2-2 nnn nnn n nnn nen nnn nen nen neem ne nen enema nenn nnn $25.95 - 10% = $23.35 
Arthur Collins, Radio Wizard: 394 pages by Ben Stearns tell Arthur Collins biography from his early years 
until retirement. Stearns is a professional journalist and was employed by Collins from 1962 to 1977. Many 


historic photographs and stories from former employees.------------------------------------+------ $18.95-10% = $17.05 
Again Available! Volume 1 of Crystal Clear by Maurice Siever-:-------------------- $29.95 - 10% - $26.90 

Crystal Clear: Crystal Sets, Crystal Detectors and Crystals, Volume 2: 282 page guides to crystal sets and 
related US-made equipment from 1920 to 1955, by Maurice Siever-------------------------- $29.95 - 10% = $26.95 


Heathkit Test Equipment Products: This is Chuck Penson’s (WA7ZZE) companion 
book to his Heathkit Amateur Radio Products book, and it all about Heathkit test equipment 
that continues to be very popular, even many years after Heath’s closing. -------------------- $19.95 
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Hollow State Design, 2nd Edition: This is Grayson Evan’s (TA2ZGE/KJ7UM) 
wonderful new book that has everything you need to work with vacuum tubes 
in one 277 page, high quality volume! ------------------------------------------- $32.95 - 10% = $29.65 
Make Your Own Tube Testers and Electron Tube Equipment: This new book by Gary Steinbaugh 
(AF8L), an ER contributor and a professional electronics engineer, is all about understanding tube 
testers and building them, and also contains many excellent projects such as power supplies and 
specialty oscilloscopes in one fun-to-use volume! There are 19 well-written chapters, 222 pages, 
with many illustrations in full Color.-------------------------------------------------------- $36.00 - 10% = $32.50 
Mil Spec Radio Gear, Volume 2: Released in 2009, Mark Francis (KIOPF), describes in 252 spiral-bound pages 
surplus military radio equipment released since the passing of the vacuum-tube era, with the exception of 
popular items such as the CV-591 sideband adapter, the Hickok TV-10 tube tester, and a TS-375 VTVM. 12 
chapters discuss 30 different types of equipment ranging from HF to the VHF bands. The layout and photo work 
is excellent. -------------------------------------------------- 2-2 $222 nnn nn nnn nnn nn nnn nnn nnn nnn nnn nn ne nnn nnn $24.95 - 10% - $22.45 


Practical Radio Repair, Volume 1: Currently Not Available 
Practical Radio Repair, Volume 2: Currently Not Available 


The Collector’s Vacuum Tube Handbook: This is a 205 page book that is full of unique, hard-to-find 
information on tube types that were released before 1934. Includes history and good photos.--------------------- = 
aac nen ane enn nnn nn nnn nna nnnnnnnannannannnmnnmnnannannnnnannnnanan nn nnn nena G nen RR SR RRR $25.95-10% = $22.45 
Tube Ty pe Transmitters: This is the second edition of Eugene Rippen’s excellent book on transmit- 
ters, transceivers, VFOs, Linear Amplifiers Modulators, Antenna Tuners, and more! Over 900 high quality 
illustrations with accurate descriptions and useful indexs make this a very useful volume. ................... $26.95 
Radios by Hallicrafters : High-Quality photos, descriptions, approximate values, and short histories of nearly 
everything made by Hallicrafters. By Chuck Dachis ----------------------------------------"2"-7-- $29.95-10% = $26.95 
Radio Tubes and Boxes of the 1920s by Fathauer: If you appreciate the rare and colorful vacuum tubes and 
advertising art from the early days of radio, then this great 104-page book will be very interesting and 
informative.------------------------------------------- anna nn nena nnn nnn nnn nnn nnn enna nnn nance nnn nnnnnnnnnnnnne $26.95-10% = $24.25 


Shortwave Receivers Past & Present, 4th Editon: This book is curently not available. 


The All-American Five Radio: This book is about classic American 5-tube broadcast receivers. It also contains 
a wealth of accurate, information on vintage receivers and proper troubleshooting and alignment. It’s recom- 
mended for experienced repairmen and novices alike, 92 pages. ------------------------------- $21.95 - 10% = $19.75 
The Bavarian Yankee, by P.H. Thompson, is an exciting new, well-written, 295-page, soft-cover novel 
taking place in Europe at the end of WWII, full of colorful characters: Americans, Germans, Russians, 


and Poles, mentioning radio communications of the day. ---------------------------=--------2-----=-2020----== $13.50 


Tube Testers and Classic Electronic Test Gear: Written by Alan Douglas, a retired engineer, 
this book is packed full of valuable information about test equipment. 166 color pages. -------- 
Se ee ata tatata tata tatatetetataalalalaletalaalaataiaiaiane $29.95-10% = $26.95 
Vintage Anthology, Revised Edition: by Dave Ishmael, WA6VVL, is a revised and updated version of Dave’s 
popular book. 209 pages of great information especially valuable to radio builders.------- $21.95 - 10% = $19.75 


Ordering Information: 
Hollow State Design, Tube Type Transmitters, and Shortwave Receivers Past and 
Present are heavy and shipping is $6.00 each. 


For other books, please add $5.00 shipping for one book and $1.00 for each addi- 
tional book. Five books are shipped by media mail free to one address. 

Checks and money orders by US mail are fine. Overseas and Canadian Orders: 
Please inquire for shipping quotes. 


Available by Mail Order or by Telephone at 720-924-0171 
Or on the Internet at www.ERmag.com 
Visa, MasterCard and American Express 


Electric Radio #331 December 2016 6 ] 


Electric Radio T-Shirts 

The front displays the logo from the cover of ER (the tube logo, 
Electric Radio, and “celebrating a bygone era”). The back has “Real 
Radios Glow in the Dark” (used 
with the permission of Classic 
Radio). The T-shirts are 100% 
cotton and come in Small, 
Large, X-Large, XX-Large. The 
color is slightly lighter than the 
cover of ER. $17.00 delivered, 
$18.00 for XXL. (Medium 
Available by Special Order) 


The Collins DVD Repair Library 


THE COLLINS AND HAMMARLUND VIDEOS NOW AVAILABLE ON DVD! 


Now you can work on your classic equipment with the help of these world-famous, digital- 
format DVDs that work on standard DVDplayers and computers! 


With these classic references on DVD, viewers will benefit from the latest technology in 


the world of video. You can instantly access whatever part of the video you want. 


Collins KWM-2 .............0 = RIE a 4 hours, $89.95 
CGGOllinS:) 75553 7a 32 Sa Sisttecss seco cceecceeescd 2 hours, $89.95 
CEA Sa Fb Done eee hee ey eh ch nck sanaaseansebesonae 1 hour, $39.95 
COVTENS SOS Lierco ote cce cc ceed e sale saab caseoees es 1 hour, $39.95 
Gollins wow S-lgdwiicnii icc ees 2 hours, $39.95 
COTS AAS so cscekcelicccescudasebeeteetteeees 2 hours, $89.95 
COR FIO Aion acs nnsncvcnccocsunos on scueuntecees 7 hours, $109.95 
Collins R-390A Addendumn................... 2 hours, $49.95 
netescucusevweaite ruse sae 4 hours, $89.95 


Shipping within the US: $6.75 each for the first two DVDs, additional 
titles are shipped free. 


ER BOOKSTORE, POB 242, BAILEY, CO 80421-0242 
720-924-0171 
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Keep Your ER Magazines Organized! 
Sold in sets, shipped flat, easy to put together, no glue required. 
Each box holds about 12 magazines. 

These organizer boxes are the correct size for many ER-size 
magazines, such as The Old Timer's Bulletin, The Tube Collector, 

or The AWA Journal. 

Set of 10: $11.75 + $10.00 S&H 
Set of 15: $17.25 + $10.50 S&H 
Set of 20: $23.00 + $11.75 S&H 


ER Bookstore, 720-924-0171 
PO Box 242, Bailey Colorado, 80421-0242 


Or order on-line at WWW.ERMAG.COM 


WANTED: “AN/FRR-24 or AN/FRR-37 
or AN/FRR-10” original Navy pictures 
and Fair Radio sales ads. Also would 
also like to hear from other owners for 
a possible upcoming series of ER 
articles. Thanks! Brian, KN4R, 
brianharrison @ embarqmail.com 704- 
657-8910 


WANTED: Hallicrafters SX-117 main 
tuning knob innice condx. Ron, KSNFS, 
724-736-4464 K3NFS @ outlook.com 


WANTED: National HRO powersupply, 
rack-mounted for 6V_ filament; 
Hammarlund Comet “CC” coil set; any 
Utah transmitter, modulator, orcustom 
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cabinet for such; schematic/info on 
Western Electric Model 15A Police 
Transmitter. Gary, KGGLH, 209 286- 
0931 or k6glh @volcano.net 


WANTED: Remote Head CCY-23270 
for the TCS series Navy Receiver & 
Transmitter. It’s forthe USS Wisconsin 
BB64, a floating museum moored in 
Norfolk, VA. Please any leads would 
be appreciated. Contact Bill Mellema, 
NSWM, NSWM @ yahoo.com 410-790- 
6072 
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Subscription Information 
Published Monthly 
The monthly Electric Radio mailing date is posted at www.ermag.com. 
Rates within the US: 
Ist Class Rate: $47 (mailed in envelope) 
Periodicals Rate: $36 | 


Rates outside the US, by airmail only: 
Canada: US $54 
All other countries: US $75 


Electric Radio 
PO Box 242 
Bailey, Colorado 80421-0242 
720-924-0171 


Office Hours: 9:00 AM to 5:00 PM MT, Monday to Saturday — 
Subscriptions and renewals maybe purchased online at 
WWW.ERMAG.COM : 
Internet Orders via PayPal, Credit Cards via Telephone 


email: Ray@ERmag.com 


Electric Radio 
Baseball Caps! 


Always popular, the Electric Radio 


baseball caps are a nice 6-panel all- 


cotton style with an adjustable rear 
headband and a3 inch front brim. The 
background color is khaki, and the ER 
logo is embroidered in 4 colors, not 
printed. These hats will hold up for a 


long time. 


$22.95, Priority Shipping Included 


ER Store, PO Box 242, Bailey, CO 80421 720-924-0171 
Or On-Line: www.ERmag.com 
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DANK Gt RP 


ANNE 


ANA 
VAY 


ANY 
WS 
NW 
i 


AWAY 


Electric Radio 
PO Box 242 
Bailey CO 
80421-0242 


Address Service Requested PERIODICAL 
12/16 


W9ADJ 01/17 
James Beyer 
6213 Countryside Lane 
Madison VW! 53705-1025 


Specializing in the sale of vintage ham, antique 
radios, audio and associated equipment. 


¢ Professional auctioneer for over 14 years. 
¢ Collector and licensed ham for over 35 years. 


«We utilize a professional online auction 
platform to successfully target, market and 
sell to a nationwide audience. 


¢ Call or email to see how we can help with your 
single item, collection or estate. 


¢ Visit our website to view past auction results 
and upcoming auctions. 


SCHULMAN 


AUCTION & REALTY, LLC 


73, David Schulman, WWDOERU 
816.455.5520 or 913.568.3767 
david@schulmanauction.com 


www.schulmanauction.com/vintage-electronics 


